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CHAPTER-1 
This chapter gives an account of the general 
introduction to the basic information related to the 
chemistry of the macrocyclic systems and the 
ground work available in the literature. 
1.1- GENERAL INTRODUCTION 
The coordination chemistry of macrocychc iigands is a fascinating area of 
intense study for inorganic and bioinorganic chemists. The synthesis and applications 
of macrocyclic moieties involving nitrogen, phosphorous, oxygen and sulfur donor 
atoms have been subject of considerable interest in recent y e a r s T h e word 
macrocyclic ligand is defined as cyclic molecule consisting of an organic framework 
interspersed with heteroatoms which are capable of interacting with variety of species. 
The coordination chemistry of these macrocyclic systems, particularly that containing 
nitrogen donor atoms is expanding rapidly. An enormous amount of work carried out 
by countless researchers with their contribution towards thousands of research papers, 
hundreds of reviews and numerous patents make the basis for development of 
coordination chemistry of macrocyclic Iigands. However, it becomes difficult and 
impossible to confine the proliferation and importance of this chemistry in this 
introduction. The field of coordination chemistry of polyazamacrocycles has 
undergone spectacular growth after the early 1960s with the pioneering and 
independent contributions of Curtis and Busch"""^ The coordination chemistry of 
macrocyclic complexes has been a fascination to inorganic chemists around the world 
V 
to carryout research with great interest. The continued research interest in designing 
new macrocyclic Iigands and their complexes stem mainly from their use as models 
for protein metal binding sites in a substantial array of metalloproteins in biological 
systems^, as models for metalloenzymes''", as synthetic ionophores" and in 
investigations concerning the mutual influence of two metal centers on the electronic, 
magnetic and electrochemical properties of such closely spaced paramagnetic 
c e n t e r s a s therapeutic reagents in chelate therapy for treatment of metal 
intoxication, as anti-HIV agents, as cyclic antibiotics and to study the host-guest 
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interactions and in catalysis "" . The recognition of importance of complexes 
containing macrocyclic ligand has been reflected from considerable efforts being 
invested in developing reliable and inexpensive synthetic routes for these 
compounds^"*'^ ^. Several classes of macrocyclic ligands have been synthesized which 
contain varying combination of aza. phospha. oxa and thia biting centers which can be 
tailored to accommodate specific metal ions by fine tuning of ligand design feature 
such as macrocyclic hole size, nature of the ligand donors, donor set. donor arr^a}^ 
ligand conjugation, ligand substitution, number and sizes of the chelate rings, ligand 
f lexibi l i t^nd nature of the ligand backbone. The majority of the macrocyles express y 
a creative and focussed efforts to design molecules aimed for their particular uses. 
The survey of literature reveals that the complexes of polazamacrocycles have 
been prepared^^ by three main procedures 
(i) Conventional organic synthesis of the ligands. 
(ii) Metal ion promoted reaction involving condensation of non-cyclic components in 
the presence of suitable metal ion. 
(iii) Modification of a compound prepared by method (i) and (ii) 
A great variety of azamacrocyclic complexes have been formed by the 
condensation reactions in the presence of metal ions. The majority of such reactions 
have imine formation as ring closing step. Fourteen [14] and to a lesser extent sixteen 
[16]_membered tetraazamacrocycles predominate and nickel(II) and copper(II) are 
• • 28 • • most widely active metal ions . The presence of metal ions in cyclization reaction 
markedly increases the yield of the cyclic product where the metal ion plays an 
important role in directing steric course of condensation reaction and this effect has 
been termed as "metal template effect"^'. The metal ion may direct the condensation 
preferentially to cyclic rather than oligomeric product, the 'ikinetic template effect"-
or stabilize the macrocycles once formed, the "thermodynamic template e f fec fV 
The first example of deliberate synthesis of a macrocycle using this procedure was 
reported^ by the Thompson and Busch (Scheme 1). However. Curtis had previously 
demonstrated the potential of the metal as templating agent in the formation of 
isomeric tetraazamacrocyclic complexes by the reaction of [Ni(en)3](C104)2 with 
acetone-'® (Scheme 2). While the metal salts had been shown to facilitate the self-
condensation of 'o'-phthalonitrile to give metal phthalocyanin complexes^' (Scheme 
3). The diimine schiff base macrocycles obtained by the condensation of one 
molecule each of diamine and dicarbonyl compounds have been termed "1+1" 
macrocyles and the tetraimine macrocycles obtained by the condensation of two 
molecules of dicarbonyl compounds and two molecules of diamine moiety have been 
termed as "2+2" macrocycles resulting due to the variation of number of heads and 
lateral units present^^"'''*. 
However, the metal ion selectivity by some of the ligands, the high degree of 
stability as well as remarkable inertness of some of the macrocyclic complexes even 
in very acidic media are some of the most interesting properties of macrocycles""' 
In view of the above fac^ it has been generally noticed that for l a rge r^h i f f base 
macrocycles, the transition metal cations are ineffective as template^^. Therefore, the 
kinetic lability of the metal present in the generation of macrocyclic complexes 
derived from the use of alkaline earth metal and main group templating agent has 
enabled the generation of the corresponding transition metal complexes via 
transmetallation reaction^ "^^ "^^ ^ (Scheme 4). This approach has been particularly 
successful when applied to generation of dinuclear Cu(II) complexes of tetraimine 
schiff base macrocycles which have been used a s ' speculative model for 
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bimetallobiosites in cuproproteins such as haemocyanin and tyrosinase ' . Synthesis of 
niultidentete macrocyclic ligands by the metal template method has been recognized 
as offering high-yielding and selective routes to new ligands'"*'^'^"^ and their 
complexes"'®"'''. Much of the early work featured the use of transition metal ions in the 
template synthesis of quadridentate macrocycles where the directional influence of 
orthogonal d-orbitals was regarded as instrumental in guiding the synthetic pathway'^. 
This technique has been extended in the last decade by using the organotransition 
metal derivatives to generate tridentate cyclononane complexes''^"'"\ The synthesis of 
macrocyclic complexes by the template method was extended by the use of s-p block 
cations as template devices to synthesize penta- and hex^entate Sch i f f base 
macrocycles^ and a range of tetraimine-schiff base macrocycles"' "" by the 
Sheffield'^"-'^and Belfast'^ ' ' " research groups. 
The template potential of a metal ion in the formation of macrocycle depends 
on the preference of the cations for stereochemistries in which the bonding d-orbitals 
are in orthogonal arrangements. This is exemplified by the observation that neither 
copper(II) nor nickel(II) acts as template^"* for the pentadentate "1+1" macrocycles (1-
3) derived by the ^chiff base condensation of 2.6-diacetylpyridine with the 
triethylenetetramine, N,N"-bis-(3-aminopropyl) ethylenediamine. or N.N'-bis (2-
aminoethyl)-l,3-propanediamine, respectively. However, Mg "^^ . Mn "^^ , Fe^ "^ . Fe"^. 
Co-^ Cd^^ and Hg^^ 
serve as effective templates leading to the formation of 7-
coordinate complexes of (1) and (2) and pentagonal bipyramidal geometries for Mg'"^. 
Mn""^ , Fe^ "^ , Fe^ "^ , Zn^ "^  and Cd^ "^  and 6-coordinate pentagonal pyramidal geometries 
for Co^^ Cd^^ and Hg^ -^'-'-^ ^ The metal 
ion and the anion are important to the template 
process because the balance between the size of the cation and anion will determine the degree of dissociation of th  metal salt in the reaction medium^\ The formation of
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"1+1" macrocycl^ via intramolecular mechanisrt^ or "2+2" macrocyclo via the 
bimolecular mechanism depends on one or more factors during the synthesis o ^ h i f f 
base macrocycles. They are 
1) The insufficient chain length to span the two carbonyl groups in the diamine 
will block the formation of "1+1" macrocycle^^. 
2) A"2+2" condensation may occur if the template ion is large with respect to the 
cavity size of the "1+1" ring""'"'^ .^ 
3) The electronic nature of the metal ion and the requirement of a preferred 
geometry of the complex!-^-
, Y 
4) The conformation of the "1+1" acyclic chelate. 
In the synthetic pathway of macrocycles the size of the cation used as the 
template has proved to be of much importance. The compatibility between the radius 
of the templating cation and the "hole" of the macrocycle contributes to the 
effectiveness of the synthetic pathways and to the geometry of the resulting complex. 
For example, cations of radii less than -80 A*^  do not seem to generate the complexes 
(3). Fenton and co-workers'*^ '*^ "''^ "^ ®"^ ^ demonstrated cation cavity "best fit" in the 
formation o f^ch i f f base macrocycles by synthesizing oxaazamacrocycles using 
alkaline earth cations as templating devices. The smaller metal ion favours the 
formation of "1+1" macrocycle (4) while the larger metal ion favours the formation of 
"2+2" macrocycle (5) as shown in Scheme 5. Of the alkaline earth cations, for 
example, magnesium generates the pentadentate "1+1" macrocycle (4) but it is 
ineffective in generating the hexadentate "1+1" macrocycle (6), which is readily 
synthesized in the presence of larger cations such as Ca^^, Sr^ "^ , Ba^^ and Pb^^. The 
preference for the formation of "1+1" or "2+2" schiff base macrocycle in the metal 
template condensation depends on the cation radius. 
The chemistry of synthetic macrocychc polyamines and macrocyclic 
dioxopolyamines has drawn considerable interest in view of the fact that these 
macrocycles form much more stable and selective complexes with various transition 
metal ions than do open chain analogues having the same donor The 
metal complexes of the 14-membered cyclic tetramine 1.4.8.11-
tetraazacyclotetradecane (7) represent reference systems^' in the coordination 
chemistry of azamacrocycles. The synthesis^" '^ of ligands (8). (9) and (10). led to the 
study of their complexes. Studies on their complexes proved that all the above (8). (9) 
and (10) form stable complexes with transition metal ions^ "^^ '"" and the Cu'^ complex of 
i ( ^ 
the 14-membered (9) is the most stable among these complexes^^-'M^ofity of all 
nitrogen-donor macrocycles that have been studied are quadridentate (7) and (11). To 
fully encircle a first row transition metal ion. a macrocyclic ring size between 13 and 
16 members is required provided that the nitrogen donors are spaced such that five-, 
six- or seven membered chelate rings are produced on coordination"'"^^'^^. A number 
of larger ring macrocycles containing more than four donor atoms have also been 
prepared^^ (12). 
Virtually all types of metal ions have been complexed with macrocyclic 
ligands"''. Complexes of transition metal ions have been studied extensively with 
tetraazamacrocycles. Porphyrins and porphyrin related complexes are of course 
present in the biological systems and have been receiving considerable investigative 
attention^'. The chemistry of these ions has been more recently expanded into the 
realm of polyaza, polynucleating and polycyclic systems^® . The nature and 
selectivity of a particular macrocycle can be manipulated by the selection of 
appropriate shaping groups and the hetero atoms at the binding sites. 
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The aza-crowns have complexation properties that are intermediate between 
O 1 
those of all oxygen crown and those of all nitrogen cyclams . These mixed 
complexation properties of the aza-crowns have been exploited towards their use as 
synthetic receptors in molecular recognition processes and in some cases, anion 
ft ^ 
complexation properties that are similar to those in certain biological systems ' 
They have an enhanced complexing ability for ammonium salts^"' and for transition 
metal ions^ '*'^ '"' over the all oxygen crown compounds. A number of reviews have 
appeared covering the literature of aza-crowns^^'^'. The polyazamacrocyclic ligands 
have many properties in common with their non-cyclic analogues as well as other 
cyclic polydentate ligands. The subject was comprehensively reviewed^'^r^ative to 
their open chain analogues. Macrocyclic ligands have further stereochemical 
constraints associated with their cyclic nature, which may influence their potential for 
metal ion recognition . Earlier investigation ^on the effect of ring size indicated that 
14-membered saturated macrocycles extend a very high ligand field mainly due to 
smaller size provided by the ligand for central metal ion. 
There has been a considerable current interest in the complexes of hexadentate 
macrocyclic ligands. Recently, several hexaazamacrocyclic ligands have been 
reported '^*'^ ""'"^ ^ by several workers. Paryzek has reported^^ Sc(III) as an effective 
templating agent for the synthesis of a hexaazamacrocyclic compound (13) from 
hydrazine hydrate and 2,6-diacetylpyridine. Bell and Hall reported^^ the synthesis and 
NMR spectra of macrocyclic compounds containing the ferrocene unit as an integral 
part of the macrocyclic skeleton. 
A variety of macrocyclic complexes which have adjacent nitrogen atoms 
(cyclic hydrazines, hydrazones or diazines) are formed by the condensation of 
hydrazine, substituted hydrazinejs or hydrazones with carbonyl compounds. The 
reaction parallel in diversity with those of amines, but are often more facile since the 
reacting NH2 groups is generally not coordinated and the electrophile is thus not in 
competition with the metal ion. The resulting macrocycles may be capable of 
coordination isomerism, since either of the adjacent nitrogen atoms can act as^donor 
atom. Condensation of,monocarbonyl compound with a dihydrazone initially yields a 
macrocycle with a tetraaza six-membered chelate ring (Scheme 6) or (Scheme 7) but 
this can isomerize to give a triaza five-membered chelate ring (Scheme 8) where 
cyclization is by a reaction subsequent to the hydrazone/carbonyl condensation^^, as 
for isomeric pair of compounds (17 and 18). Compounds with triaza (20) and tetraaza 
(15) seven-membered chelate rings have also been prepared"'"'"". Tetradentate and 
pentadentate aza macrocycles are formed by the condensation of 2.6-diacetylpyridine 
with hydrazine (21) or with dihydrazine^^ (22). Dihydrazone of cyclic 1.2-diketones 
react with ortho esters and similar reagents to form aza macrocycles (23). 
Several macrocyclic ligands derived from hydrazine precursors have been 
r e p o r t e d a n d most of the studies involved in great deal with mononuclear 
complexes. However, less work has been reported for higher membered 
polyazamacrocyclic complexes. Goedken and Peng have r e p o r t e d t h e synthesis of 
14-membered octaaza macrocyclic complexes by the template condensation reaction 
of butane-2,3-dione dihydrazone with formaldehyde (Scheme 9). A few macrocyclic 
ligands derived from hydrazine precursor (24.25) have also been synthesized from 
this laboratory'"-'-
The creation of molecules containing several spatially separated reactive sites 
(in the simplest case the ditopic compounds with two such centres) is one of the most 
promising and actively developing area of chemistry. Employment of principles of 
molecular design gives the possibility to adjust the electronic properties and relative 
14 
HoO 
3+ 
(13) 
Me. 
Me 
Me 
II H 
NH N-N 
Ni 
NH N-NH 
I 
Me 
Me 
Me 
Me Me 
(14) 
Me. 
Me 
Me 
\ MeCOMe 
^NH ^N-NHj 
Ni^ ^ MeCOCQM^ 
^NH \-m2 
Scheme 6 
15 
NH, 
M e ^ N 
M e ^ ^ N 
HN "NH 
Ni • 2 + • 2 + 
NH, 
^ 
Me ^ N N Me 
I I 
HN^ ^NH 
O, 
Me 
N N 
I I 
N 
Ni 
.Me 
Me ^ N N Me 
I I 
- N ^ N 
(16) (17) 
Scheme 7 
Ph, 
y 
Ph 
NH,N ^ O 
* -)_ 
Ni-
/ V -
NH,N 0 
Ph 
r 
Ph 
MeCOMe^ 
Scheme 8 
(20) 
N N Me 
17 
H-,C 
II I II 
N - ^ T ^ N 
HN ^^ 
(CH2)n 
(CH,)„ 
Me 
N H . 
I -
N 
HN NH 
I 
M 2+ 
M e ^ N 
2 C H , 0 
N H . 
A V 
Me N N Me 
I I 
HN^ ^NH 
CH.O N — N . ^ N — N , 
X r 
Scheme 9 
HN—^NH NH—^NH 
\ ^ 
X X 
H N — N H N H — N H 
(24) 
Q 
/ 
0 
H N — N H N H — N H 
^ / 
X \ 
HN—^NH NH—^NH 
0 0 
(25) 
position of these sites in the molecule, which allows control of the selectivity of its 
interaction with different substrates depending on their structures. Synthetic 
approaches to the preparation of monomacrocyclic compounds have been thoroughly 
developed'"^ but relatively little work concerning the syntheses and characterization 
of bis (azamacrocyclic) complexes have been reported. Very recently many 
covalently linked bis (macrocyclic) ligands incorporating polyaza rings have been 
reported'«^-'0^. 
The reason of interest in such a system has been reflected from their potential 
to exhibit cooperative behaviour of the type found in particular metalloenzyme 
incorporating two metal centres. Binuclear metaJ complexes with bis 
(tetraazamacrocycle) linked by a polymethylene or carbon-carbon bridge have been 
' ( -J ' 
used for studies on metal-metal interaction'.' Bis (macroCyclic) complexes 
incorporating two metal ions are of interest because they can act as multielectron 
c/ ^ 
redox reagent /o r catalyst and can be regarded as mode^ for polynuclear 
metalloenzyme"®'". 
One type of bis (macrocyclic) complexc; deal^i th complexes containing two 
monomacrocyclic subunits connected by polymethylene or xylene chains while the 
bridge h^ad nitrogen atoms are coordinated to the metal ions"". Another type of 
ditopic complexes are the macrocyclic compounds derived from bis (malonic acid 
esters) in which a direct C-C bond between the macrocycles is present""' The 
main problem in the preparation of most ditopic compounds is the necessity to 
carryout a multi-step synthesis with relatively small yields from some stages. 
Template condensation of coordinated 4 ° polyamines, particularly ethylenediamine 
with formaldehyde and ammonia is widely used in the chemistry of macrocyclic 
compounds. However, the fomation of the macrocyclic compounds as macrobicyclic 
19 
(Sepulchrate)"" monomacrocyclic"^ or non-macrocyclic"^ condensation products 
depends on the nature of the metal ions, the structure of the reagents, and their ratios. 
The replacement of ammonia by primary alkylamines (e.g. methylamine) leads to the 
formation of monomacrocyclic complex (26) as the only product irrespective of 
whether nickel(II) or copper(II) ions act as template' 
The later reaction pointed the way to the elabor^on of a simple and 
convenient method for the preparation of bis (macrocyclic) structure. Y.D. 
Lampeka' and co-workers synthesized the bis (macrocyclic) complexes by template 
condensation of [M (danda)]^"^ [M == Ni or Cu; danda = 3.7-diazanonane-1.9-diamine] 
with formaldehyde and aliphatic diamines H2N(CH2)nNH2 (n = 2-5) results in bis 
(macrocyclic) complexes (Scheme 10) but this amount should be stoichiometrically 
measured to prevent the formation of mononuclear complexes. 
The formaldehyde-dinitroalkane template reaction is also a simple and 
efficient route for the preparation of bis (macrocyclic) octaamines with variable ring 
sizes and chain length of alkyl bridges. Comparison of formaldehyde-dinitroalkane 
template reaction and the template reaction of cisToordinated primary amines with 
formaldehyde and diamines lead to the formation of bis (macrocyclic) complexes"^ 
of the type [Cu2L]'''^(27) reveals two important differences in the application of these 
template reactions to the preparation of bis (macrocyclic) complexes. 
The template synthesis of bis (macrocyclic) Cu(II) complexes with ligands of 
the type Lg (28) (1,3,5-triazapentane 'cap'; 3,3' bridge) is only feasible for 14-
membered macrocyclic products. Only tricyclic mononuclear complexes (29 and 30) 
were identified in attempts to prepare the corresponding bis (15-membered) bis 
(macrocyclic) species'^''. H o w e V e r ^ formaldehyde-dinitroalkane template r e a c t i o n ^ 
lead to the preparation of macrocycles with hole sizes resulted from 13 to 16 
20 
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members'^'. Furthermore, the metal free compounds from the formaldehyde-amine 
template condensation'^^ with 1.3.5-triazapentane "caps" are particularly unstable and 
therefore basically useless for extensive coordination chemistry. Although the metal-
free compounds resulting from the formaldehyde-nitroalkane condensation decay in 
neutral or basic aqueous solution, the pendant amine reduction products are generally 
stable'"" '^ •^.v^eter Comba and co-workers'"""' synthesized the bis (pendant) nitro bis 
(macrocyclic) compounds and their reduction was carried out corresponding to their 
bis (pendant) amino metal free compounds through formaldehyde-nitoalkane 
condensation reaction (Scheme 11). Recently Yoshiaki Kokube and co-workers'"^ 
synthesized a novel bipyridylene-bridged bisporphyrin in which two prophyrin units 
were attached directly to the symmetrical 4.4*- positions of the 2.2"-bipyridyl group 
(31). The reversible complexation of PdCh with this compound may be utilized as a 
molecular switch in supramolecular chemistry. 
Since the discovery of crown ethers by Pederson in 1967. the chemistry of 
synthetic hosts for selective complexation of organic and inorganic guests has seen an 
extraordinarily rapid development'^^ Synthetic cyclophanes as host to the 
understanding of molecular complexations of neutral organic guest molecules in 
aqueous and organic solvents have been reported'^^"'^'. Cyclophanes with binding 
sites for neutral molecules have been designed and studied in an interesting number as 
bioorganic c a t a l y s t M a c r o c y c l i c polyethers incorporating aryl groups of [2.2] 
paracyclophane nucleus and '-phenylene subunits in the macro-ring have been 
synthesized by appropriate use of phenols, polyethyleneglycol or tosylates. The rigid, 
layered structure of [2,2] paracyclophane with its 16 substitutable sites (32) makes it 
an interesting unit for shaping^/ost compound for molecular complexation studies'"'"^. 
The [2,2]-paracyclophanyl group possess symmetry properties that are highly 
2+ 
NH NHt 
NH NH, 
(i) - 4 H , 0 
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manipulatable through control of their substitution p a t t e r n s M u c h ef for t^ in 
molecular recognition has been devoted to the design of receptors having specific 
structural features so as to achieve selective bindings of target molecules and specific 
catalytic e f f e c t s T h e design of receptors has been especially important in the study 
of molecular recognition of anions, where structural factors have been shown to play 
significant roles besides simple charge-charge interaction"''^ '''^. Aromatic subunits are 
often introduced as an integral part of the receptors. A large number of macrocyclic or 
macropolycyclic polyammonium receptors containing two or more 1,4-benzo subunits 
have been synthesised'^^'"*^. While Yukito Murakani et al'"^" had synthesized a novel 
cage type cyclophanes that provide three-dimensional hydrophobic cavities and 
incorporate substrates of various shapes, sizes and hydrophobicity in aqueous media. 
TIk Smple macrocycles containing one 1.4-benzo-subunits have been only scarcely 
studied''^"'^'. Polyaza [n] paracyclophane containing one 1.4-benzo-subunit are 
interesting as these receptors should possess a polarizable aromatic surface besides 
the nitrogen donor atoms and both could converge from opposite directions to the 
guest'^^. In this respect 2,6,9,13-tetraaza [14] paracyclophanes (33) represent some 
notable features. The number of nitrogen and the size of the macrocycle should permit 
coordination to different metal ions but at the same time the presence of the 1.4-benzo 
moiety could induce some coordination pattern of interest, especially in order to 
obtain catalytic effects. On the other hand, the presence of propylenic units would 
permit an appreciable protonation degree in aqueous solution and this may act as an 
anion receptor (33). 
One of the most general routes to obtain polyazamacrocycles is that reported 
by Richman and Atkins'''^ The method involves the reaction of the disodium salt of a 
tosylamide with a tosylated diol or a dihalogenoalkane in DMF, and does not require 
26 
high dilution conditions. In situ deprotonation of tosylamide with CS2CO3 or K2CO3 
in DMF has also been used'"^ ''^ .^ Yields for the cyclization step however, were 
increased to 90% when the reaction was carried out in refluxing CH3CN with K2CO3 
as the base (Scheme 12). 
Molecular mechanics calculations have been carried o u t ' " " " t o calculate the 
hole size in tetraaza macrocycles. These calculations have been confined to the case 
where the metal ion is constrained to lie with in the plane of the four nitrogen donors. 
The selectivity of metal depends on the cavity of the ring. However, among the 
polyazamacrocycles the tetraaza group has been most intensively studied. While 
fewer than four donor nitrogen atoms results in a ring size so small that metal cations 
cannot in general be incorporated with in the cavity '^*. Pentaaza and higher polyaza 
macrocycles have begun to appear more frequently, particularly in view of the 
potential of the larger macrocycles for binding more than one metal. Luckay and co-
workers have reported'"'^ the effect of hole size and the stability of 
tetraazamacrocyclic complexes. 
The synthesis of macrocycles containing N. O and S has opened up a new 
chapter in view of 
(i) Macrocyclic ligands and the resulting complexes are particularly important in 
many biological systems. For example/oxygen c a r r i e r ' a s well as their potential 
as catal j^^or insertion of oxygen into organic substrate,' "'"' pigments, vitamin B12 and 
its analogues^and sodium and potassium ion transport and balance. 
(ii) The high coordination sites and hence their coordination behaviour towards 
various metal ions. 
(iii) The donor atom members and ring sizes can be successively altered, so that basic 
skeleton can be easily optimized. 
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H,N N N 
H H 
(i) 
NH, 75% 
/ \ 
I^ H N N NH 
Ts Ts Ts Ts 
• n i T ^ 
/ 
HN 
HN; 
(iii) 
52% 
( i )TsCl ,Na0H;H20/THF, ( i i ) a , a -dibromo-p-xylene, K3CO3; CH3CN; (iii) HBr/AcOH 33% 
PhOH 
Scheme 12 
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(iv) Functional groups can be systematically introduced into macrocycles without 
much difficult for evolution of their steric effect. 
It is therefore, apparent that the chemistry of macrocycles is a rich and diverse 
field of study and still forms the basis of more extensive exploration. 
In this thesis, the emphasis has been projected towards the synthesis and 
physico-chemical studies on macrocyclic complexes of first row transition metals 
mainly derived from hydrazine hydrate. The other polyaza macrocycles i.e. hexaza 
[17] paracyclophane derived from terephthalaldehyde have also been synthesized and 
characterized. 
* * * * * 
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CHAPTER- 2 
This chapter covers the basic principles, theories 
and techniques of various physico-chemical 
methods involved in characterization of the 
macrocycles. 
2.1 INSTRUMENTAL METHODS 
AND 
THEORY 
There are several physico-chemical methods available for the study of 
coordination compounds and a brief description of the techniques used in the 
investigation of the newly synthesized complexes described in the present work are 
given below: 
1 - Infrared Spectroscopy 
2- Nuclear Magnetic Resonance Spectroscopy 
3- Electron Paramagnetic Resonance Spectroscopy 
4- Ultraviolet and Visible (Ligand Field) Spectroscopy 
5- Magnetic Susceptibility Measurements 
6- Molar Conductance Measurements 
7- Elemental Analysis 
2.1.1 INFRARED SPECTROSCOPY 
When Infrared light is passed through a sample some of the frequencies are 
absorbed while other frequencies are transmitted through the sample without being 
absorbed. The plot of the percent absorbance or percent transmittance against 
frequency, the result is an infrared spectrum. 
The IR radiation does not have enough energy to induce electronic transitions 
observed in UV spectroscopy. Absorption of IR radiation is restricted to the 
compoimds with small energy differences in the possible vibrational and rotational 
states. For a molecule to absorb IR radiation, the vibrations or rotations within a 
molecule must cause a net change in the dipole moment of the molecule. The 
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alternating electrical field of the radiation interacts with fluctuations in the dipole 
moment of the molecule. If the frequency of the radiation matches the vibrational 
frequency of the molecule then radiation will be absorbed, causing a net change in the 
amplitude of the molecular vibration. 
In the absorption of the radiation, only transition for which change in the 
vibrational energy level is AV=1 can occur, since most of the transition will occur 
from stable Vo to Vi the frequency corresponding to its energy is called the 
fundamental frequency. 
The group frequency which are frequencies of certain groups are characteristic 
of the group irrespective of the nature of the molecule in which these groups are 
attached. The absence of any band in the approximate region indicates the absence of 
that particular group in the molecule. 
The term "infrared" covers the range of electromagnetic spectrum between 
0.78 and 1000 fim. In the context of infrared spectroscopy, wavelength is measured in 
"wavenumbers", which have the units cm"' 
Wave number = 1/wavelengh in centimeters 
v = 1/X 
It is useful to divide the infi"ared region into three sections; near, mid and far 
infrared; 
Region Wavelength range(|am) Wavelength range (cm"') 
Near 0.78-2.5 12800-4000 
Middle 2.5-50 4000-200 
Far 50-1000 200-10 
41 
Important Group Frequencies in the IR Spectra Pertinent to the Discussion of 
the Newly Synthesized Compounds. 
a) N-H Stretching Frequency 
The N-H Stretching vibrations occur in the region 3300-3500 cm"' in the dilute 
solution' . The N-H stretching band shifts to lower value in the solid state due to the 
extensive hydrogen bonding. Primary amines in the dilute solutions, in non-polar 
solvents give two absorptions i.e. symmetric stretch found near 3400 cm"' and 
asymmetric stretch mode found near 3500 cm"'. Secondary amines show only a single 
N-H stretching band in dilute solutions. The intensity and frequency of N-H stretching 
vibrations of secondary amines are very sensitive to structural changes. The band is 
found in the range 3310-3350 cm"' (low intensity) in aliphatic, secondary amines and 
near 3490 cm"' (much higher intensity) in heterocyclic secondary amines such as 
pyrazole and imidozole. 
b) Methyl Group Frequency 
Absorption arising from C-H stretching in the alkanes occurs generally in the 
region of 2840-3000 cm"'. The position of C-H stretching vibrations are among the 
most stable in the spectrum. An examination of a large number of saturated 
hydrocarbons containing methyl group showed' in all cases, two distinct bands 
occurring at 2960 cm"' and 2870 cm"'. The first of these results from asymmetric 
stretching mode in which two C-H bonds of the methyl group are extending while the 
third one is contracting (Vasj, CH3). The second arises from symmetric stretching 
(vsn,CH3) in which all three of the C-H bonds extend and contract in phase. The 
presence of several methyl groups in a molecule results in a strong absorption bands 
at these vibrational modes. 
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c) C-N Stretching Frequency 
The C-N stretching absorption gives rise to strong bands in the region 1250-
1350 cm"' in all the amines' ' . In primary aromatic amines there is one band in the 
region 1250-1340 cm"' but in secondary amines two bands have been found in the 
region 1280-1350 cm"' and 1230-1280 cm"'. 
d) C=N Stretching Frequency 
Schiff s bases (RCH=NR, imines). oximes. thiazoles, iminocarbonates etc. 
show the C=N stretching frequency in the 1471-1689 cm"' r eg ion 'Al though the 
intensity of the C=N stretch is variable, however it i s^ual ly more intense than the 
C=C stretch. 
e) N-N Stretching Frequency 
A strong band appearing in the region around 1000 cm"' may reasonably be 
assigned'' to v (N-N) vibrations. 
f) M-N Stretching Frequency. 
The M-N stretching frequency is of particular interest since it provides direct 
information regarding the metal-nitrogen coordinate bond. Different amines 
complexes exhibited^ the metal-nitrogen frequencies in the 300-450 cm"' region. 
g) M-X Stretching Frequency 
Metal-halogen stretching bands appear^ in the region of 500-750 cm"' for MF. 
200-400 cm"' for MCI, 200-300 cm"' for MBr and 100-200 cm"' for MI. 
h) M - 0 Stretching Frequency 
Metal-oxygen stretching frequency has been reported to appear in different 
region for different metal complexes. The M-0 stretching frequency of nitrato 
complexes lie in the range of 250-350 cm"'. Furthermore unidentate nitrate group 
43 
display bands around 1497, 1271 and 992 cm"' region ' assigned^ to v (N-0) 
I 
vibrations. 
FTIR spectra {AmO-lQQt^f^txQ recorded as KBr and or CsCl discs on a Perkin 
Elnier-2400 spectroifi^ter from Central Research Drug Institute, Lucknow. India. 
2.1.2 NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
^B^MR Spectroscopy 
Nuclei of isotopes which possess an odd number of protons, and odd number 
of neutrons or both exhibit mechanical spin phenomenon which are associated with 
angular momentum. This angular momentum is characterized by a nuclear spin 
quantum number, I such that, I = l/2n. where n is an integral 0. 1.2, 3. etc. 
The nuclei with I = 0. do not possess spin angular momentum and do not 
exhibit magnetic resonance phenomena. The nuclei of '"C and '^O fall into this 
category. Nuclei for which I =1/2 include 'H. '"^ F. ' T , ^'P and "'N, while 'H and 
have 1 = 1 . 
Since atomic nuclei are associated with charge, a spinning nucleus generates a 
small electric current and has a finite magnetic field associated with it. The magnetic 
dipole. of the nucleus varies with each element. When a spinning nucleus is placed 
in a magnetic field, the nuclear magnet, experiences a torque which tends to align it 
with the external field. For a nucleus with a spin of 1/2. there are two allowed 
orientations of the nucleus, parallel to the field (low energy) and against the field 
(high energy). Since the parallel orientation is lower in energy, this state is slightly 
more populated than the anti-parallel, high energy state. 
If the oriented nuclei are now irradiated with electromagnetic radiation of the 
proper frequency, the lower energy state will absorb a quantum of energy and spin-
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flip to the high energy state. When this spin transition occurs, the nuclei are said to be 
in resonance with the applied radiation, hence the name Nuclear Magnetic Resonance. 
The amount of electromagnetic radiation necessary for resonance depends on 
both the strength of the external magnetic field on the characteristic of the nucleus 
being examined. The nucleus of the proton, placed in 14.000 gauss field, undergoes 
resonance when irradiated with radiation in the 60 MHz. higher magnetic fields, such 
as those common in superconducting magnets, require higher energy radiation and 
give a correspondingly higher resolution. 
The 'HNMR spectra were recorded in DMSO-de and CDCI3/using a Bruker 
DRX-300 and Jeol, Eclipse-400/with Me4Si as an internal standard fron^/Ceritral Drug 
-
Research Institute, Lucknow, India and King Saud University, College of Sciences. 
Riyadh, Saudi Arabia (Kingdom of Saudi Arabia). 
/NMR Spectroscopy 
'^C has a nuclear spin of 1/2 and can be observed by NMR at a frequency of 
10 .70 |^Hz at a field strengh of 10 Kilogauss. The analysis is limited by the 
following: 
The relative abtmdance of '"C is only 1.1% (compared to "'C), the '^C 
resonance has only 1.6% the sensitivity of the 'H resonances and the relaxation time 
for '"C is longer than 'H. '"C chemical shifts span slightly over 200 ppm in contrast 
~ , rantic m inc ruNmi^tmu 
' ' . T ' 
information is generally available from '"CNMR chemical shift data. A second very 
to the typical ppm ge in m ^ ' l ^ M R s h u s considerably more structural 
important difference between 'H and spectroscopy is that diamagnetic 
effects are dominant in the shielding of the hydrogen nucleus, whereas paramagnetic 
effects are the dominant contributors to the sMelding of the '^C nucleus. Long-range 
shielding effects that were important in the 'HNMR are less important in ^^C^MR. As 
K 
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a result. '"C chemical shifts generally do not parallel 'H chemical shifts. Since the 
spin number for '•'C is the same for 'H. the same rules apply for predicting the 
multiplicity of this absorption. The coupling constants for '"C-'H are large (100-250 
Hz) and thus interpretation of the '"C spectra can be difficult because of the 
j ' i \ , n 1 p / ^ ' overlapping C - H multiplets. To simplify the spectrum, "^NMR spec^ ' are 
generally recorded under double resonance conditions in which the coupling of 'H to 
ncl "ol^ sew c^i 
C is dgsfet^d. Complete 'H coupling is accomplished by irradiating the 'H 13 
resonance region with a broad band width radio frequency radiation, termed "noise", 
sufficient to cover the entire 'H resonance region. The '•'Q^MR spectra thus obtained 
contain only singlet resonances corresponding to its chemical shifts. 
^ ( ^ M R spectra were recorded in DMSO-de using ^ Jeeh" Eclipse-400 
spectroph^meter from King Saud University. College of Sciences. Riyadh. Saudi 
Arabia (Kingdom of Saudi Arabia). 
2.1.3 ELECTRON SPIN RESONANCE SPECTROSCOPY 
In 1936, Gorter demonstrated^ ^ that a paramagnetic salt when placed in a high 
frequency alternating magnetic field absorbs energy which is influenced by the 
application of a static magnetic field either parallel or perpendicular to the alternating 
magnetic field. Since then this phenomenon has become a technique of immense 
importance in science. 
It is well known that a paramagnetic ion has a magnetic moment and therefore 
its ground state is degenerate. If this ion is placed in a strong static magnetic field the 
]1 
degeneracy is lifted and the energy levels undergo a Zeeman splitting. App^ti^ation of 
an oscillating magnetic field of appropriate frequency will induce transitions between 
the Zeeman levels and the energy is absorbed from the electromagnetic field. If the 
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static magnetic field is slowly varied, the absorption shows a series of maxima. The 
plot between the absorbed energy and the magnetic field is called the electron 
paramagnetic resonance spectrum. 
A system of charges exhibit paramagnetism whenever it has a resultant 
angular momentum. Such paramagnetic system includes elements containing 3d. 4d. 
5d. 5f. 6d etc. electrons, atoms having an odd number of electrons like hydrogen, 
molecules containing odd number of electrons such as NO2, NO etc. and free radicals 
which posses an unpaired electron like methyl, diphenyl picryl hydazide free radical 
etc. are among the suitable reagents for EPR investigation. Splitting of energy levels 
in EPR occurs under the effect of two types of fields, namely the internal crystalline 
field and applied magnetic field. While studying a paramagnetic ion in a diamagnetic 
crystal lattice, two types of interactions are observed, i.e. interactions between the 
paramagnetic ions called dipolar interaction and the interactions between the 
paramagnetic ion and the diamagnetic neighbour called crystal field interaction. For 
small doping amount of paramagnetic ion in the diamagnetic host, the dipolar 
interaction will be negligibly small. The later interaction of/paramagnetic ion with 
diamagnetic ligands modifies the magnetic properties of the paramagnetic ions. 
According to crystal field theory, the ligand influences the magnetic ion through the 
electric field, which they produce at its site and their orbital motion gets modified. 
The crystal field interaction is affected by the outer electronic shells. 
The dipole-dipole interaction arises from the influence of magnetic field of 
one paramagnetic ion on the dipole moments of the neighbouring, similar ions. The 
local field at any given site will depend on the arrangements of the neighbours and the 
direction of their dipole moments. Thus the resultant magnetic field on the 
paramagnetic ion will be the vector sum of the external field and the local field. Thus 
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Resultant field varies from site to site giving a random displacement of the resonance 
frequency of each ions and thus broadening the line widths. 
Hyperfme interactions are mainly magnetic dipole interactions between the 
electronic magnetic moment and the nuclear magnetic moment of the paramagnetic 
ion. The quartet structure in the EPR of vanadyl ion is the results of hyperfme 
interactions. The origin of this can be understood simply by assuming that the nuclear 
moment produces a magnetic field Bn at the magnetic electrons and the modified 
resonance condition will be E = hu = gP B + Bn where Bn takes up 21+1. where I is 
the nuclear spin. There may be an additional hyperfme structure also due to 
interaction between magnetic electrons and the surrounding nuclei called 
superhyperfme structure. The effect was first observed by Owens and Stevens in 
ammonium hexa chloroiridate^ and subsequently for a number of transition metal ions 
7 8 
in various hosts " . 
The EPR spectra of complexes were recorded on a JEOL JES RE2X EPR 
spectrometer from the department of Physics. Aligarh Muslim. University. Aligarl^ 
(India). 
2.1.4 ULTRA-VIOLET AND VISIBLE (LIGAND FIELD) 
SPECTROSCOPY 
Most of the compounds absorb light somewhere in the spectral region between 
200 and 1000 nm. These transitions correspond to the excitation of ^eelrons of the 
ti i 
molecules from ground state to higher electronic states. In a transition metal all the 
five d-orbitals viz. dxy. dyz, d z^. d^ and do-\2 are degenerate. However, in coordination 
compounds due to the presence of ligands this degeneracy is lifted and d-orbitals split 
into two groups called t2g (dxy. dyz and dxz) and eg (dz2 and dy2->2) in an octahedral 
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complex and t and e in a tetrahedral comple^ The set of t2g orbitals goes below and 
the set of eg orbitals goes above the original level of the degenerate orbitals in an 
octahedral complex. In case of the tetrahedral complexes the position of the two sets 
of the orbitals is reversed, the e going below and t going above the original degenerate 
tv- t: 
level. When a molecule absorbs radiaton. i ts energy .equal in magnitude to hv and 
can be expressed by the relation : 
E==hv 
or E = hc/A 
Where h is Planck's constant, v and X are the frequency and wavelength of the 
radiation, respectively and c is the velocity of the light. 
In order to interpret the spectra of transition metal complexes, the device of 
energy level diagram based upon "Russell Saunder Scheme" must be introduced. This 
has the effect of splitting the highly degenerate configurations into groups of levels 
having lower degeneracies known as "Term Symbols". 
The orbital angular momentum of electrons in a filled shell vectorically adds 
up to zero. The total orbital angular momentum of an incomplete d shell electron is 
observed by adding L value of the individual electrons, which are treated as a vector 
with a component ml in the direction of the applied field. Thus 
L = i:, m l , - 0 , 1 , 2 , 3 , 4 , 5 , 6 , 
S, P, D, F. G, H, I 
The total spin angular momentum S = I , s, where s, is the value of spin angular 
momentum of the angular momentum of the individual electrons. S has a degeneracy 
T equal to 2S + 1, which is also known as Spin Multiplicity Thu^a term is finally 
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denoted as xL . For example, if S = 1 and L = 1. the term will be "P and similarly if S 
= 1 '/2. and L = 3. the term will be 
In general the terms arising from a d" configuration area is as follows. 
d'd" : ^D 
d 'd^ : ^F, 'P, 'G, 'D, 'S 
d^ d' : 'F, 'P. ^H, ^G, 'F. -D(2). 'P 
d^ d^ : -'D, ^H, 'G, T(2). ^D, ¥(2) . 'l. 'G(2). 'F. 'D(2). 'S(2) 
d-' : ^S, •'G, ^F, ^D, ^P, ^I, ^H. -G(2). ^F(2). ^D(3). "P. "S. 
Coupling of L and S also occurs, because both L and S if non-zero, generate 
magnetic fields and thus tend to orient their moments with respect to each other in the 
direction where their interaction energy is least. This coupling is known as LS 
coupling' and gives rise to resultant angular momentum denoted by quantum number 
.1 which may have quantized positive values from | L + S | up to | L - S | e.g.. in the 
case of ^P (L = 1, S ^ 1), ""F (L = 3, S = 1 Vi) possible values of J representing state, 
arising from term splitting are 2,1 and 0 and 4 'A . 3 Vi. 2 Vi. and" 1 Vi. Each state is 
specified by J is 2J + 1 fold degen^ate. The total number of states obtained from a 
term is called the muhiplet and each value of J associated with a given value of L is 
K c 
calledycomponent. Spectral transitions due to spin-orbit coupling in an atom or ion 
occurs between the components of two different multiplets while L^coupling scheme 
is used for the elements having atomic number less than 30, in that case spin-orbital 
interactions are large and electrons repulsion parameters decreases. The spin-angular 
momentum of an individual electron couples with its orbital momentum to give an 
individual J for that electron. The individual J s couple to produce a resultant J for the 
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atom. The electronic transitions taking place in an atom or ion are governed by certain 
Selection Rules which are as follows 
1. Transitions between states of different multiplicity are forbidden. 
2. Transitions involving the excitation of more than one electron are forbidden. 
3. In a molecule, which has a centre of symmetry, transitions between two gerade or 
two ungerade states are forbidden. 
It is possible to examine the effects of crystal field on a polyelectron 
configuration. The ligand field splitting due to cubic field can be obtained by 
considerations of group theory. It has been shown that an S state remains unchanged. 
P states does not split, and D state splits into two and F state into three and G state 
into four states as tabulated below: (Applicable for an octahedral Oh as well as 
tetrahedral Td symmetry). 
S A, 
P T, 
D E + T2 
F A2 + T , + T2 
G A2 + E + T1+T2 
Transitions from the ground state to the excited state occur according to the 
selection rules described earlier. The energy level order of the states arising from the 
splitting of a term state for a particular ion in an octahedral field is the reverse that of 
the ion in a tetrahedral field. However, due to transfer of charge from ligand to metal 
or metal to ligand, sometimes bands appear in the ultraviolet region of the spectrum. 
These spectra are known as 'Charge Transfer Spectra or Redox Spectra. In metal 
complexes there are often possibilities that charge transfer spectra extend into the 
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visible region to obscure d-d transitio^ However, these should be clearly discerned 
from the ligand bands, which might also occur in the same region. 
The electronic Spectra of complexes in DMSO were recorded on a Pye-
Unicam 8800 spectrophotometer at room temperature. However ^the diffuse 
reflectance spectra were taken on Carl-Zeiss VSU-2P spectrophotometer using MgO 
as the reflectance standard at 25°C from the Aligarh Muslim University. Aligarh. 
India. 
2.1.5 MAGNETIC SUSCEPTIBILITY MEASUREMENTS 
The determination of magnetic moments of transition metal complexes have 
been found to provide ample information in assigning their structure. The main 
contribution to bulk magnetic properties arises from magnetic moment resulting from 
the motion of electrons. It is possible to calculate the magnetic moments of known 
compounds from the measured values of magnetic susceptibility. 
There are several kinds of magnetism in substances viz. diamagnetism. 
paramagnetism and ferromagnetism or antiferromagnetism. Mostly compounds of the 
transition elements are paramagnetic. Diamagnetism is attributable t^ the clo^d^hell 
electrons with an applied magnetic-field. In the closed shellihe electron spin moment 
and orbital moment of the individual electrons balance one another so that there is no 
magnetic moment. Ferromagnetism and antiferromagnetism arise as a result of 
interaction between dipoles of neighbouring atoms. 
If a substance is placed in a magnetic field H. the magnetic induction B with 
the substance is given by 
B = H+47rI 
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Where I is the intensity of magnetization. The ratio B/H is called magnetic 
permeability of the material and is given by 
B/H = I + 4n(I/H) 4nK 
Where K is called the magnetic susceptibility per unit volume or volume 
susceptibility. B/H is the ratio of the density of lines of force within the substance to 
the density of such lines in the same region in the absence of sample. Thu^the volume 
susceptibility of a vacuum is by definition zero since in vacuum B/H = 1. 
When magnetic susceptibility is considered on the weight basis, the gram 
susceptibility (Xg) is used instead of volume susceptibility. The jietr value can then be 
calculated from the gram susceptibility multiplied by the molecular weight and 
corrected for diamagnetic value as 
where T is the absolute temperature at which the experiment is performed. 
The magnetic properties of any individual atom or ion will result from some 
combination of these two properties that is the inherent spin moment of the electron 
and the orbital moment resulting from the motion of the electron around the nucleus. 
The magnetic moments are usually expressed in Bohr Magnetons (BM).The magnetic 
moment of a single electron is given by 
Ms = BM 
Where S is the spin quantum number and g is the gyromagnetic ratio. For 
Mn'"", Fe^ "" and other ions whose ground states are S states there is no orbital angular 
momentumfin general hpwever, the transition metal iort^in their ground state D or F 
being most common, do possess orbital angular momentum. For such ions, as Co""^  
and Ni^ "^ , the magnetic moment is given by 
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In which L represents the orbital angular momentum quantum number for the ion. 
The spin magnetic moment is insensitive to the environment of metal ion. the 
orbital magnetic moment is not. In order for an electron to have an orbital angular 
momentum and thereby an orbital magnetic moment with reference to a given a x i s ^ 
must be possible to transfomi the orbital into a fully equivalent orbital by rotation 
about that axis. For octahedral complexes the orbital angular momentum is absent for 
Aig, Ajg and Eg term, but can be present for Tig and T2g terms. Magnetic moments of 
the complex ions with A2g and Eg ground terms may depart from the spin-only value 
by a small amount. The magnetic moments of the complexes possessing T ground 
terms usually differ from the high spin value and vary with temperature. The magnetic 
moments of the complexes having a ^Aig ground term are very close to the spin-only 
value and are independent of the temperature. 
For octahedral and tetrahedral complexes in which spin-orbit coupling causes 
a split in the ground state an orbital moment contribution is expected. Even no 
splitting of the ground state appears in cases having no orbital moment contribution, 
an interaction with higher states can appear due to spin-orbit coupling giving an 
orbital moment contribution. 
Practically ^ e magnetic moment value of the unknown complex is obtained o ^ ^ o u y 
Magnetic balance. Faraday method can also be applied for the magnetic susceptibility 
measurement of small quantity of solid samples. 
The gram susceptibility is measured by the following formula. 
AfV W,, 
y — )!iL- . y 
' W 
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Where Xg Gram Susceptiblity 
AW = Change in weight of the unknown sample with magnet on and off. 
W = Weight of the known sample 
AWstd = Change in weight of standard sample with magnets on and off. 
Wstd = Weight of standard sample. 
Xstd = Gram susceptibility of the standard sample. 
LO 
Magnetic susceptibility measurements were carried out using Faraday balance 
at 300°K from Guru Nanak Dev University. Amritsar. India. 
2.1.6 CONDUCTIVITY 
The resistance of a sample of an electrolytic solution is defined by 
R=p[l/A] 
Where 1 is the length of a sample of electrolyte and A is the cross sectional 
area. The symbol p is the proportionality constant and is a property of a solution. 
This property is called resistivity or specific resistance. The reciprocal of resistivity is 
called conductivity, K 
K = l/p = l/RA 
Since 1 is in cm, A is in cm^ and R in ohms (Q), the units of K are Q"' cm"' or 
S cm"' (Siemens per cm) 
Molar Conductivity 
1 i 
If the conductivity K is in fl" cm" and the concentration C is in mol cm"", then 
the molar conductivity A is in Q"' cm^ mol"' and is defined by 
A=K/C 
Where C is the concentration of solute in mol cm"''. 
Conventionally solutions of 10'" M-crmeefttFation-are used for the conductance 
measuremenj) Molar conductance values of different types of electrolytes in a few 
solvents are given below; 
A 1: 1 electrolyte may have a value of 70-95 ohm'' cm" mol"' in nitromethane. 
50-75 ohm'' cm^ mol'' in dimethyl formamide and 100-160 ohm'' cm" mol"' in 
methyl c y a n i ^ Similarl^a solution of 2:1 electrolyte may have a value of 150-180 
olun'' cm' mol"' in nitromethane. 130-170 ohm"' cm" mol"' in dimethylformamide and 
140-220 ohm'' cm^ mol'' in methyLcyanide^'". 
The electrical conductivities of lO''" M s'olutions in DMSO were recorded on a 
Control Dynamics Conductivity Bridge equilibrated at 25° C ± O.OTC. 
2.1.7 ELEMENTAL ANALYSIS 
The chemical analysis is quite helpful in fixing the stoichiometric composition 
of the ligand as well as its metal complexes. Carbon, hydrogen and nitrogen analyses 
were carried out on a Perkin Elmer-2400 analyzer from Central Drug Research 
Institute. Lucknow, India. Chlorine was analyzed b^onventional method ". For the 
metal estimation''', a known amount of complex was decomposed with a mixture of 
nitric, perchloric and sulfuric acids in a beaker. It was then dissolved in water and 
made up to known volume so as to titrate it with standard EDTA. For chIor i |^ 
estimation, a known amount of the sample was decomposed in a platinum crucible 
and dissolved in water with a little concentrated nitric acid. The solution was then 
treated with silver nitrate solution. The precipitate was then dried and weighed. 
* * * * * 
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CHAPTER-3 
Synthesis of Pentaazabis (macrocyclic) 
Complexes of a Few Divalent First Row 
Transition Metals and their Structural 
Studies. 
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3.1 SYNTHESIS OF 13 AND 14-MEMBERED 
PENTAZA BIS (MACROCYCLIC) 
COMPLEXES DERIVED FROM 
HYDRAZINE AND THEIR 
CHARACTERIZATION. 
3.1.1 INTRODUCTION 
The design and synthesis of binucleating ligands and their complexes have 
been the subject of recent interest. A variety of dinucleating macrocyclic ligands have 
been obtained through various synthetic approaches. These ligands can be classified 
as (a)'A large macrocyclic compound with many donor atoms of the same or 
different kinds', (b) macrocyclic subunits linked together.""^ and polycyclic 
compounds with fused cycles.^ A variety of macrocyclic ligands involving both 
similar and dissimilar donor sites have been reported^'^. These were synthesized as 
their metal complexes through the condensation of formaldehyde and primary 
diamines in the presence of metal ions as templates. Metal ions are known to effect 
the steric course of the reaction and the template syntheses of macrocyclic ligands are 
among the best examples. Binuclear macrocyclic complexes of transition metals, 
where the metal ions are in close proximity, remains an important objective as 
potential catalysts as models for a number of metalloproteins,^"'' and in investigations 
concerning the mutual influence of the two metal centres on the electronic, magnetic 
and electrochemical properties of such closely-spaced paramagnetic centres'^"'^. The 
macrocyclic donor ligand fixes position of the metal ions and thus determines the 
limits of macrocyclic flexibility and the internuclear distances. A number of bis 
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(inacrocyclic) ligands incorporating polyaza rings act as anti-HIV agents, while 
exhibiting low cytotoxicity'^ '^. The paramount importance to the basic chemistry is 
the use of bimetallic bis (macrocycles) as a vehicle for electron transfer between 
metal ion centres'". A number of polyaza macrocyclic binuclear complexes have been 
synthesized ' ' by the template condensation reaction. Comba et al. have reported^^/ 
dicopper(II) complexes of a bis (14-membered)-(CH2)2 -linked bis (pendant nitro) bis 
(macrocyclic) ligand by template synthesis. However, some of the dinuclear 
macrocycles of transition metal complexes have been prepared by using 
transmetallation^" techniques. Several macrocyclic ligands derived from hydrazine 
precursors have been reported^"*"'^ . However, less work has been reported for higher 
polyaza macrocyclic complexes. Nelson et al. have reported"^"'^ many dinuclear 
macrocyclic system incorporating different bridging ligands. Recently. Brudenell et 
al. have reported"" a series of binuclear Mn(II) complexes based on the bis 
(pentadentate) ligands formed by attaching 2-pyridylmethyl pendant groups to each 
secondary nitrogen in bis (1,4,7-triazacyclononane). 
This chapter deals with the metal-directed synthesis of pentaazabis 
(macrocyclic) dimetal(II) complexes. [Co2LX2]X: or [Co2L"X:]X2. [M2LX4] or 
[M2L-X4] [M = Ni(II) and Zn(II)] and [Cu2L]X4 or [Cu.L'jXj ( X = CI or NO3) 
linked through the N-N bond of hydrazine derived from hydrazine hydrate, 
ethylenediamine, formaldehyde and 1,2-dibromoethane or 1,3-dibromopropane and 
their physico-chemical investigations. 
3.1.2 MATERIALS AND METHODS 
Metal Salts, MX2-6H20 [M = Co(in. Ni(II) and Zn(II)], CuX2 nH20 ( n = 2 
and 3; X = CI and NO3) and ZnCb (all E'.Merck), Hydrazine hydrate 85% (Sigma), 
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ethylenediamine, formaldehyde 1.2-dibromoethane and 1,3-dibromopropane (all 
/ 
^.Merck) were commercial samples and were used as received. Methanol used as 
solvent was dried before use. 
Synthesis of tetracholoro/nitrato bis (1.3.6.9.12-pentaazacyclotridecane) dimetal(ll) 
[M.LXJ (M = Ni(II) and Zn(II); X = CI or NO3) 
In a methanolic solution (20 mL) of hydrazine hydrate (0.606 mL. 10 mmol^ I 
kept in a three necked round bottom flask was added a methanolic solution of 
ethylenediamine (2.70 mL, 40 mmols). A methanolic solution (20 mL) of 
/ / 
formaldehyde (2.77 mL, 40 mmols) was added to this reaction mixture at room 
temperature. The reaction mixture was stirred for about 2h with no change in its 
,(AJ 
appearance. L a t e r ^ methanolic solution (20 mL) of 1.3-dibromoethane (1.74 mL. 20 
mmol^) and the metal sah (20 mmols) were added simultaneously and slowly to the 
reaction mixture k€|>t-©n .stirrings which results in /change in colour of the reaction 
t 
mixture. The contents of the reaction mixture were stirred ftirther for 6h. leading to 
the isolation of a solid product. The solid product thus formed was filtered, washed 
several times with methanol and vacuum dried. 
Synthesis of dicholoro/ nitrato bis (1,3,6.9,12-pentaazacyclofridecane) dicobalt (II) 
chloride/nitrate [C02LX2JX2 (X = CI or NO3). 
A similar procedure was applied except that the metal salt used was C0X2. 
6H2O (X = C1 orNOj). 
Synthesis of bis (1,3,6,9,12-pentaazacyclotridecane) dicopper(II) chloride/nitrate 
[CU2LJX4 (X = CI or NO3). 
An analogous method of synthesis was used except that the metal salt used 
was either CUCI2.2H2O or Cu(N03)2.3H20. 
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Synthesis of tetracholoro/nitrato bis (1.3,6. ] 0.13-pentaaiacyclotetradecane) dimetal 
(II) [M2L 'X4] (M = m(U) and Zn(II); X = CI or NO3). 
To a methanolic solution (20 mL) of hydrazine hydrate (0.606 mL. 10 mmols) 
placed in a three-necked round bottom flask, was added a methanolic solution (-20 
mL) of ethylenediamine (2.70 mL. 40 mmols). This was followed by gradual addition 
of a methanolic solution (-20 mL) of formaldehyde (2.77 mL. 40 mmols) at room 
temperature. The reaction mixture was stirred for about 2h.. Finally, a methanolic 
f 
solution (-20 mL) of 1,3-dibromopropane (2.05 mL. 20 mmols) and the metal salt (20 
mmolsj) were added simultaneously and slowly to the reaction vessel, whereupon a 
change in the colour of the solution was observed. The contents of reaction mixture 
were stirred for a further 6h leading to the isolation of a solid product. The solid 
product thus formed was filtered, washed several times with methanol and vacuum 
dried. 
Synthesis of dichloro/nitrato bis (1,3,6.10.13-pentaazacyclotetradecane) dicobalt(II) 
chloride/nitrate [Co2L'X2]X2 and bis (1,3,6,1 O.I 3-pentaazacyclotetradecane) 
dicopper(II) chloride/nitrate [CU2L 'JCh : (X = CI or NO3). 
A similar procedure was adopted as mentioned above except that the metal salt l i^d 
were CoXi ^HjO (X = CI or NO3) and CuCL ^HiO or Cu(N03)2-3H20. 
Elemental analyses were obtained from the microanalytical laboratory of 
Central Drug Research Institute. Lucknow. India. Metals and chloride were 
determined volumetrically^' or gravimetrically" respectively. 'H^IMR spectra were 
recorded in DMSO-de using a Bruker DRX-300 spectrometer with Me4Si as an 
internal standard. The IR spectra (4000-200 cm"') were recorded as KBr discs on a 
Perkin Elmer-2400 spectrometer. The Magnetic susceptibility measurements were 
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carried out on a Faraday balance at 25 °C. The UV-Visible spectrophotometric studies 
of freshly prepared 10'^  M DMSO solution of the complexes in the range 200-1100 
nm were conducted using a Pye-Unicam 8800 spectrophotometer at room 
temperature. The electrical conductivities of freshly prepared 10""' M DMSO solutions 
of the complexes were obtained from a Control Dynamics conductivity bridge 
equilibrated at 25 ±0.1 °C. 
3.1.3 RESULTS AND DISCUSSION 
Template condesation of ethylenediamine with formaldehyde, dibromoalkane 
(Br-(CH2)n-Br) (n = 2 and 3) and hydazine hydrate in 4:4:2:1 molar ratio in 
methanolic medium resulted in the formation of novel bis (macrocyclic) bimetallic 
complexes, of the type [Co2LX2]X2 or [Co2L"X2]X2, [M2LX4] or [M2L-X4] [M = 
Ni(II). Zn(II)] and [Cu2L]X4 or [CujL'JXj (X = CI or NO3) (Scheme 1) All of the 
complexes are soluble in polar solvents like DMSO. DMF. CH3CN and H2O. 
The results of elemental analyses (Table 1) agree well with the proposed 
stoichiometry of bis (macrocyclic) complexes. The molar conductance data of 10"^  M 
solutions of the complexes measured in DMSO show"" that the complexes of the 
divalent metal ions of Zn(II) and Ni(II) are non-electrolytes, while those of Co(II) 
and Cu(II) are 1:2 and 1:4 electrolytes, respectively. 
The prominent IR spectral bands are presented in Table 2. In all of these 
complexes a single sharp band in the region 3185-3270 cm"' corresponds to the 
coordinated^'^ v(N-H) vibration of a secondary amine moiety. The IR spectra show no 
bands assignable to primary amine groups expected from either ethylenediamine or 
hydrazine, or the carbonyl group stretching vibrations corresponding to formaldehyde 
indicating that the proposed bis (macrocyclic) bimetallic complexes have been 
/ 
d: 
z 
\ 2 
r ^ i jZ 
+ 
o rt a: 
z 
r - i n: 
o 
X u 
64 
in -a 
o Q. 
E 
o U 
OJ 
on 
<U 
> 
» C (U 
E 
o 
(U c Dfi 03 
CO 
a 
-o c 
o 
U 
iS 
o 
S 
c/f (D c/n ^ 
a c < 
S 
s 
UJ 
i-T 
o 
O 
o D-
M C 
V 
rt 
H 
c S (U u 
« 2 -2 S i 
-i—> • 
G 
U o 
03 
O 
-a c 3 O 
Ll. 
O 
o 
3 _o o 
U 
cu 
2 
U o 
•o c 3 O £X 
S o U 
(N 
c 
I 
D 
00 <N 
ol 
o 
<N 
u 
J o 
U 
ro O CN (N oo CM 
r-1 ON 
(N O 00 OS 
in o (N 00 
p ^ m 
r4 oi (N <N 
1 
(N (N CN (N CM (N (N 
(N 0? rn iri O^  
00 od M3 K in od od iri 
-- O c 
^ 
m — m l/^  r-- (N o vq OO in p 
(N (N CN ^ •O (N ^ (N d CN (N •o (N >ri (N CN (N (N (N fN •o fN 
<N o O <N ^ 
O uS 
O ly-j o •o r^ (N (N f^ o m t^ 
o d iri (N <N oi rsi 00 <N 00 d ro d O <N vd <N (N 
o C3 
JJ 
c3 
CU 
VO VO (N 
o 
o 
J fS O 
O 
w aj 
I ^ 
CQ 
(N 
(N 
u r—1 (N 
U 
(N 
o 
U 
o io 
c 
2 
O 
o 
00 (N 
O 2 
O 
z 
J 
u 
u 
CQ 
>1 
C/2 
VO 
CN 
CQ 
SO 
VO OO (N 
U -J ts 
o 
z 
J 
2 
m 
D 
(N 
(N 
•<t 
o 
r-
<N 
z 
65 
a 
o VO (N 
o 
z 
l l 
in r- c^  vo 
VT) VO oo Tt- VO m 00 <N (N O m 
u •T3 
O Q. 
00 O <N 
u 
CQ 
(N 
00 <N 
o > 
<N 
e-3 a. 
o 
(N 
U T3 C u > 
C3 
00 
1/1 u 
_o 
o 
U 
<N 
_o 
"u >> 
£ 
(N iri 
u 
3 
u 
o 
z 
3 
u 
t 
u 
(N 3 
o 
o 
3 
u 
u 
CN c 
N 
o 
z 
c 
N 
u 
la 
<s C 
N 
in 
m <n vq p p 
fN (N <N ci 
1 
<N <N 
1 
<N 
1 
<N rl w 
oo O? _ t-. 00 rn TJ- <N CM 00 
^ — ' 
<N (N 00 00 •—^  in <> d <N <> d vd vd 
p Co cn 00 <3; vo ^ N o .. (N <n VO O 00 -
vd <N <o (N o (N ON" 00 00 d (N d rv| >n (N <n <N <N CN vd (N vd <N d <N d (S - — ' 
<n <N <n (N 
(N _ rT _ r'l ^ p oT (N in VO 
in >n \6 '—' w \6 u-i <n vd vd in in vd vd >n in —^' 
cs m •t p ts ^ 00 ON P •<t >n 00 (S 00 (N oo" <N (N (N vd (N rs 
^ — ^ 
CN <N <N (> (N <N iri (N <n <N (S m <N K (N 
C/) tn 
L-3 
o 
U 
<N 
o 
z 
c 
N 
66 
9 
0^  
(N 
O 
<N 
in 
CM 
00 CO <N iri CM 
u 
I 
o 
ro 
O O ro oo (N 
o 
00 (N 
(N m o O Ov O O CM 00 00 O 00 00 o 00 ro 
•X 
I 
u 
(o" 
00 O o — 
'Sl- oo 
o vo •5J-
o o <N ro 
I 
I 
to 
O Tj- o o 00 — o o r^ ) ^ I Tl- o m <N m VO VO in VO VO vO 
— — • — — * — — • — • 
I 
U 
00 Ov o o vO o <n m 00 m o (N ON ON .— fN fS " — (N .— — — — 
•o c 
3 O 
n. 
E o u 
u sz 
Z 
(N o vo r-. TT (N 00 00 vo 00 ON ON 00 ON ON ON o ON ON ON ON ON ON 
E 
cn 1) 
I m (N o O (N O o o ON <N - — o ON ON 00 ON O 00 ON ON 00 00 (N r j (N (S fN4 <N (N <N 04 CNI 
u 3 CT U 
CJ 
c 
.2 
2 
lo cs H 
I 
21 > 
00 •D 
C 3 O a. 
E o U 
o m o O 00 o O Ov 00 <n m ON rr <N ON (N rNi <N — <N CNl fN — <r\ 
U f—^ <N 
U -J 
u 
o 
o 
z 
o 
U 
u 
u 
I j s 
u 
o 
o 
z 
J 
& 
u 
u 
-J 
o z u 
o z 
Li CN 
z 
u 
3 
u 
o z 
3 
u 
6 7 
o 
(N 
O rn <N 
fS ro (N 
O in ro 
O 
00 <N 
CM o m o oo o eo m rr 
ro O ro in iri .— — 00 
o (N o VO 
O O r j - O o 
00 VO — •o 
VO 
— -
o o o o o 00 00 (N fS <s 
lO r-
in o o vo TJ- VJD r- 00 o o Ov 0^  o 
O <N O o m 00 O ro (N 00 c^  00 O O <N (N <N (N (S <N 
O O 00 O O tr ro <r) ON r- m (S (S (S (S fS ro m 
O 
3 
o 
o 
3 
u 
(N 
6 z 
c 
N. 
U 
Ij <s 
6 
z 
c 
NJ 
68 
GO 
•a c 
o 
a . r-C 
o o 
1) 
o n D. 
to 
ra 
ra 
-a 
o <u Q. 00 
Z 
X 
rr> jj 
« H 
U 
o 
u 
i 
u I 
u 
u 
z 
u 
z t 
u 
-a c 3 O D. 
E 
o 
U 
£ s £ 
m (N o o 
rn Csl 
rvi (N (N (N 
O J <N 
c 
N 
O 
z 
J fS c 
N 
o 
(N 
u 
J ts 
c 
N 
o o 
£ s s 
vO 00 O o iri CO 
rn 
? ? ? ? 
o 00 
rn 
VO vo vd 
O 
Z 
c 
N 
00 o 
<U r" 
C u 
rt Q. 
c 
VI 
'o 
"3 
E 
JC 
— ^ 
£ 
a. D. 
to 
^ — ' 
tt; 
» rl 00 o. 15 o 3 
s £ D 
JC II 
U E 
69 
formed. The weak intensity band appearing in 1538-1672 cm"' region is assigned to 
5(N-H) vibrations for secondary amine. All the complexes show a strong band in the 
region 1158-1248 cm"' assignable to the v(C-N) group. A strong band appearing 
around 1000 cm"' may reasonably be assigned^""' to v(N-N) vibrations. All the 
complexes show strong bands in the regions 2790-2960 and 1410-1486 cm"', which 
may correspond to v(C-H) and 6(C-H) vibrations, respectively. Medium-intensity 
bands observed in the regions 215-255 and 280-350 cm"' in the nitrato and chloro 
metal complexes are assignable"^"^ to v(M-O) and v(M-Cl) vibrations, respectively. 
The spectra of the nitrato complexes gave additional bands at ca. 1210. 1050 and 900 
cm". corresponding to nitrate groups'" . However, an additional sharp band in the 
region 382-430 cm"' may reasonably be assigned"^ to the v(M-N) vibration. 
The ' ^ M R 
spectra of bis (macrocyclic) dizinc(II) complexes recorded in 
DMS0-d6 show a multiplet in the region 6.30-6.46 ppm ascribed'^" to - N H (8H) 
protons. A multiplet appearing in the region 3.30-3.58 ppm may be assigned"^' to 
methylene protons of the aminal moiety [N-CHi-N (8H)]. Furthermore a multiplet 
observed for all the dizinc(II) complexes in the region 2.15-2.40 ppm may 
correspond"*^ to the methylene protons [N-CH2-C (24H)] adjacent to secondary amine 
moiety. The complexes of the type [ZnL'Xj] (X = CI or NO3) gave multiplet in the 
1.90-2.01 ppm region which may, reasonably, be assigned to middle methylene 
protons [C-CH2-C (4H)] of the propane chain moiety. 
The electronic spectra of the dicobalt(II) complexes show d-d bands as 
shoulders in the 12,000-15,100 cm"' region. In addition, two shoulders appear at ca. 
21,400 and. 23,000 cm"' assignable to ligand to metal charge-transfer transitions, a 
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4 ^ 4 4 
well-defined characteristic feature of a five-coordinated system with square-
pyramidal geometry similar to that reported earlier'*"' 
The dinickel(II) complexes exhibit two bands in 11.285-11.500 and 17.450-
17.600 cm~' region. These may reasonably be assigned to ''A2g->''Tig(F) and 
^A2g->^Tig(P) transitions, respectively suggesting an octahedral environment around 
the Ni(II) ions'*^ However, the dicopper(II) complexes gave single broad band in 
17.885-18,100 cm"' region assignable to the "Eg->''T2g transition characteristic of 
4 8 
square-planar geometry around the Cu(II) ion. 
The observed magnetic moment values of all the dicobalt(II) complexes 
(Table 1) lie in the range which may correspond to high-spin square-pyramidal 
complexes and thus support the electronic spectral findings. However, the observed 
magnetic moments for dinickel(II) complexes correspond to high-spin octahedral 
geometry around the Ni(II) ion in these bis (macrocyclic) complexes complementing 
the electronc transitions of Ni(II) ion in an octahedral field. While the square-planar 
geometry in dicoper(II) bis (macrocyclic) complexes ascertain on the basis of 
electronic spectral studies, has been confirmed by the observed magnetic moment 
values in the range 1.69-1.76 BM. 
71 
REFERENCES 
1. T.H. Ahn. L.F. Lindoy. J. W'ang. Aust. J. Chem.. 1999. 52, 1139. 
2. P. C o m b k ^ P. Hilfenhaus. J. Chem. Soc. Dahon. Tram.. 1995. 3269. 
3. I.M. Atkinson, D. M. Boghai. B. Ghambari. L.F. Lindoy. G.V. Mechan and 
V.Saini, Aust. J. Chem., 1999. 52, 351. 
4. D.H. Busch, G.G. Christoph. L.L. Zimmer. S.C. Jackels. J.J. Grzybowski. R.C. 
Callahan, M. Kojima, K.A. Hotler. J.Mocak.N. Herron M. Chavan and W.P. 
Schammel, J. Am. Chem.Soc.. 1981.103, 5107. 
5. J. M. Lehn, S.H. Pine. E. Watanabe and A.K. Willard. J. Am. Chem. Soc.. 1977. 
99, 6766. 
6. P. Comba, N.F. Curtis. G.A. Lawrance. M.A. 'O" Leary. B.W. Skelton and 
A.H. White. J. Chem. Soc. Dahon. Trans.. 1988. 2145. 
7. P.V. Bernhardt. P. Comba. L.R. Gahan and G.A. Lawrence. Aust. J. Chem. 
1990,^5, 2035. 
8. P.A. Vigato, S. Tamburini and D. E. Fenton. Coord. Chem. Rev.. 1990.106, 25. 
9. P. Chaudhri and K. Wieghardt. Prog. Inorg. Chem.. 1987.35, 329. 
10. K.D. Karlin and Z. Tyeklar (Editors) Bioinorganic Chemistry of Copper. 
Chapman And Hall, New York, London. 1993. 
11. J. Reedijk (Editors), Bioinorganic Catalysis, Marcel Dekker. New York, Basel. 
Hong Kong, 1993. 
12. J.R. Schoonover. C.J. Timpson and T.J. Meyer. Inorg. Chem.. 1992. 31, 3185. 
13. K.K. Nanda, R. Das, L.K. Thompson. K. Venkatsubramanian. P. Paul and K. 
Nag, J. Chem.Soc. Dahon. Trans.. 1993.2515. 
14. K.K.Nanda, R. Das, L.K. Thompson. K. Venkatsubramanian. P. Paul and K. 
Nag,/«org.CAe«7., 1994, i i , 1188. 
15. C. Eraser, R. Ostrander, A.L. Rheingold. C. White and B. Bosnich. Inorg. 
C/?^., 1994, i i , 324. ^ ' O 
16. C. Fraser and B. Bosnich, Inorg. Chem.. 1994. 338. 
17. S.S. Tandon, L.K. Thompson, J.N. Bridson, V. Mckee and A.J. Downard. Inorg. 
Chem., 1992, i i , 4635. 
18. E. DeClercq, N.Yamamoto, R. Pauwels,M. Baba, D. Schols. H. Nakashima. J. 
Balzarini, Z. Debyser, B.A. Murrer, D. Schwartz, D. Thornton. G. Bridger. S. 
72 
Fricker. G. Henson. M. Abrams and D. Picker, Proc. Natl. Acad. Sci. U.S.A. 
1992. 89, 5286. 
19. G.J. Bridger, R.T. Skerlj, D. Thornton. S.S. Padmanabhan. S.S. Padmanabhan. 
S.A. Martellucc, G.W. Henson. M.J. Abrams. N. Yamamoto. K. DeVreese. R. 
Pauwels and E. DeClereq, J. Med. Chem.. 1995. 38, 366. 
20. H. Taube.^i/v. Chem. Ser. 1977.162, 127. 
21. M. Todokoro, H. Sakiyama, N. Matsumoto. M. Kodera. H.Okawa and S. Kida. 
J. Chem. Soc. Dalton. Trans.. 1992. 313. 
22. P. Comba and P. Hilfenhaus. J. Chem. Soc. Dalton Tram.. 1995. 3269. 
23. M.G.B. Drew. P.C. Yates, F.S. Esho. J.T. Grimshaw. A. Lavery. K.P. Mckillop. 
S.M. Nelson and J. Nelson, J. Chem. Soc., Dalton. Trans.. 1988. 2995. 
24. T.W. Bell and A.T. Papoulis. Angew. Chem. Int. Edn. Engl.. 1992.31(6). 749. 
25. W.R. Parizek, Inorg. Chim. Acta..1979. 35, L349. 
26. S.M. Peng and V.L. Goedken. Inorg Chem.. 1978.17, 820. 
27. S.M. Nelson, Pure. Appl. Chem.. 1980. 52(11). 2461. 
28. V.B. Arion, N.V. Gerbeleu, Y.A.S. Levitsky. A.A. Dvorkin and P.N. Bourosch. 
J. Chem. Soc. Dalton. Trans., 1994. 1913. 
29. D.E. Fenton, Adv. Inorg. Bioinorg Meek, 1983.2, 187. 
30. S.J. Brudenell, L. Spiccia, A.M. Bond. G.D. Fallon. D.C.R. Hockless. G. 
Lazarev, P.J. Mahon and E.R.T. Tiekink. Inorg Chem., 2000. 39, 881. 
31. C.N. Reilley, R.W. Schmid and F.S. Sadek, Chem. Ed, 1959.36, 619. 
32. A.I. Vogel, A Text book of Inorg. Analyses, 3'^ '' Ed.. Longmans. London, 1961, 
443. 
33. W.J. Geary, Coord. Chem. Rev., 1971, 7, 81. 
34. S.L Mostafa, T.H. Rakha and M.M. El-Agez, Indian. J. Chem., 2000, 39(A), 
1301. 
35. X. Wang, X. Han, W. Lu, X. Liu and D. Sun. Synth. React. Inorg. Met-Org 
Chem., 1992,22, 1169. 
36. M. Shakir and S.P. Varkey, Transition. Met. Chem., 1994.19, 606. 
37. M. Shakir and S.P. Varkey, Polyhedron, 1995.14, 1117. 
38. M. Shakir and S.P. Varkey, Indian. J. Chem., 1995.34A, 355. 
73 
39. S.K. Bansal, S. Tikku, R.S. Sidhu and Y. Singh. J. Indian. Chem. Soc.. 1991. 
68(10), 556. 
40. A. Chaudhry and R.V. Singh, Indian. J. Chem.. 2001. 40(A), 1330. 
41. K. Burgess, D. Lim, K. Kantto and C.Y. Ke. J. Org. Chem.. 1994. 59, 2179. 
42. M. Shakir, K.S. Islam, A.K, Mohamed. M. Shagufta and S.S. Hasan. Transition. 
Met. Chem., 1999,24,511. 
43. P. Hindu and M.R. Pratapchandra. Indian. J. Chem., 1999.38(A), 388. 
44. M. Ciampolini and N. Nardi. Inorg. Chem.. 1966. 5(7), 1150. 
45. R. Roy, P. Paul and K. Nag, Transition. Met. Chem.. 1984. 9, 152. 
46. A.B.P. Lever, Inorganic Electronic Spectrscopy, 2"'' Ed.. Elsevier. Amsterdam. 
1984,9, 152. 
47. K.G. Raghunathan and P.K. Bharadwaj. J. Chem. Soc. Dal ton. Trans.. 1992. 
2417. 
48. A. Kumar G. Singh, R.N. Handa and S.N. Dubey. Indian. J. Chem.. 1999. 
38(A), 6U. 
* * * * * 
CHAPTER-4 
Synthesis and Characterization of 
Hexaaza Macrocyclic Ligand and its 
Complexes. 
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4.1 SYNTHESIS AND PHYSICO-CHEMICAL 
STUDIES ON A 15-MEMBERED 
MACROCYCLIC LIGAND DERIVED FROM 
HYDRAZINE AND ITS COMPLEXES WITH 
Mn(H), Fe(II), Co(II), Ni(II), Cu(II) AND 
Zn(II). 
4.1.1 INTRODUCTION 
The high selectivity and strong coordination ability of macrocyclic ligands 
towards transition metal ions have attracted the attention of chemists all over the 
world. Macrocyclic polyamines possess cavities capable of providing a favorable 
environment for transition metal ions'. The strength of the ion binding is determined 
by ion size, macrocyclic cavity size and ligand conformation"'^ etc. The macrocyclic 
compounds have wide range of applications in the areas like catalysis"*'^, electron 
carriers in redox reactions^ dioxygen carriers^'', ionophores in a number of 
biochemical processes'""'^. Macrocyclic complexes are best prepared with the aid of 
metal ions as template to direct the steric course of the condensation reaction which 
ultimately results in ring closure'^ ''^ . Various macrocyclic ligands have been 
synthesized and their complexes have been reported'^ '^. A variety of macrocyclic 
complexes derived from hydrazine including dinuclear macrocyclic complexes have 
been reported'^"" from this laboratory and elsewhere. Herein we report the synthesis 
of a 15-membered hexaaza macrocyclic ligand and its complexes with Mn(II). Fe(II). 
Co(II), Ni(II), Cu(II) and Zn(II) (Scheme 1) and their physico-chemical properties. 
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4.1.2 MATERIALS AND METHODS 
Hydrazine hydrate 85% (Sigma), formaldehyde 37% aqueous solution (E. 
Merck), ethylenediamine (Aldrich) and 2.4-pentanedione (Fluka) were used as 
received without further purification. The metal salts MnX2.4H20. FeXi.nHzO (n = 2 
and 9) MX2.6H2O [M = Co, Ni and Zn(II)]. CuX2.nH20 (n = 2 and 3: X = CI and 
NO3. respectively) and ZnCh (All f ron^ 'Merck ) were commercially available pure 
samples. Methanol, used as solvent was dried before use.'° 
Synthesis of 1,2,6,9,13,14-hexaaza-3.5,10,12-tetramethylcyclopentadecane-2.5.9.12-
tetraene (L). 
A solution mixture of formaldehyde (2.63 mL. 24 mmols) and 2.4-pentanedione (4.97 
mL, 48 m m o ^ dissolved in -30 mL methanol was added slowly to a stirred 
methanolic solution (-20 mL) of hydrazine hydrate (2.01 mL. 48 mmols). The 
reaction mixture was stirred over a period of 3h followed by the gradual addition of a 
methanol solution (-20 mL) of ethylenediamine (1.62 mL. 24 mmols). The resulting 
mixture was kept stirring overnight and was then allowed to stand for several days at 
room temperature resulting in the formation of a colourless microcrystalline product 
which was washed several times with methanol and lastly, with dry ether and dried Id 
Yacua.^  
Synthesis of dicholoro/nitrato(l.2,6,9.13.14-hexaaza-3.5,10,12-
tetramethylcyclopentadecane-2,5,9,12-tetraene)metal(Il) [MfLjXj] (M 
=Mn(II),Fe(II), Co(II), Ni(II), Cu(II) and Zn(ll): X = CI or NO3). 
To a methanolic solution (-15 mL) of the ligand (L) (0.264g. 1 mmol) in a 
round bottom flask was added a methanolic solution (-15 mL) of appropriate metal 
salt (1 mmol) with continuous stirring at room temperature for 2h leading to the 
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formation of a microcrystalline solid product which was filtered, washed several times 
with methanol and vacuum dried. 
spectra were recorded in DMSO-de using a Bruker DRX-300 
11 I 
spectrometer. CIJMR spectra were recorded in DMSO-de using JeoL Eclipse-400 
spectrometer. Metals and chlorides were determined volumetrically'' and 
gravimetrically^^ respectively. The I^spectra (4000-200cm"') were recorded as KBr / 
disc on a Perkin Elmer-2400 spectrometer. The electronic spectra in DMSO were 
recorded on a Pye-Unicam-8800'-^ctrophatometer. The electrical conductivities 
(10"' M solutions in DMSO) were obtained on a Control-Dynamics conductivity 
bridge equilibrated at 25 ± 0.1 
Magnetic susceptibility measurements were carried out using a Faraday balance at 
25 °C. 
4.1.3 RESULTS AND DISCUSSION 
A novel hexaaza macrocyclic ligand (L) has been synthesized by the reaction 
of hydrazine hydrate, formaldehyde, ehylenediamine and 2.4-pentanedione in 2:1:1:2 
molar ratio in methanol (Scheme 1). The ligand formed is a microcrystalline solid 
and remained unchanged for extended period of time in air and was found to be 
soluble in H2O, DMSO, MeOH, DMF and THF. The purity of the compound has been 
established by TLC by dissolving the ligand in DMF using petroleum-diethylether 
(2:3 v/v) as eluent. Only one spot was observed by TLC after developing in an 
iodine chamber indicating that the compound is pure. However, attempts to grow 
single crystals suitable for X-ray crystallography failed. The formation of this 
macrocyclic ligand framework was confirmed on the basis of results of elemental 
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analyses (Table 1). characteristic bands in the IR (Table 2). and resonance p e ^ in 
the 'H and '"CNMR spectra (Tables 3 and 4). 
Complexation reactions of metal salts of the type MX2 (M = Mn(II). Fe(II). 
Co(II), Ni(II), Cu(II) and Zn(II); X = CI or NO3) (Scheme 1) with ligand L were 
performed in methanol in 1:1 molar ratio MX2 + L-^ M(L)X2 (X = CI or NO3). The 
complexes were microcrystalline in nature and found to be soluble in most of the 
polar solvents. The characterization of the resulting product was promising as IR. 
NMR and UV-visible spectral data shows the evidence of complex formation. The 
results of elemental analyses (Table 1) agree well with the suggested macrocyclic 
framework. The molar conductivity values indicate"'' a non-electrolytic nature of 
these complexes. 
The absence of bands corresponding to the primary amino groups of hydrazine 
or ethylenediamine and the carbonyl groups of 2.4-pentanedione or formaldehyde 
suggests the formation of the proposed macrocyclic ligand. A further confirmation 
regarding the formation of macrocyclic ligand has been obtained from the appearance 
of two strong intensity bands at 1650 and at 3288 cm"' assignable"'^"^^ to 
uncoordinated v(C=N) and v(N-H) (secondary amine), respectively. However.\^lJ^ 
spectra of the complexes derived from the ligand (L) show a slight shift to lower 
frequency in v(C=N) appearing in the region 1590-1632 cm"' suggesting'^ its 
coordination with the metal centre. A strong band characteristic of a free secondary 
amine group, v(N-H) appears at 3216-3280 cm"' in the complexes. Bands at ca. 2900 
and 1450 cm"' for all the complexes correspond to CH stretching and CH bending 
vibrations, respectively. The appearance of new medium-intensity band in the 429-
494 cm"' region in all the macrocyclic complexes may be due^^ to v(M-N) vibrations. 
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All the complexes of the type [MLCh] show additional bands in the region 310-328 
cm~' assignable to v(M-Cl) vibrations whereas those of the type [ML(N03) 2] show a 
band in the 311-319 cm"' region which may be assigned"^ to v(M-O). 
The absence of proton resonance signals of free NHt and aldehydic groups in 
'HNMR spectrum of the ligand, (L) recorded in DMSO-de indicate that condensation 
between primary amines and carbonyl group has taken place. However, it shows a 
multiplet at 6.41 ppm ascribed^^ to the secondary amino protons (-NH. 2H) of 
hydrazine. A broad singlet observed at 2.15 ppm may be due'''' to overlapping of 
methyl protons (-CH3, 12H) with that methylene protons (-CH2. 4H) of the 2.4-
pentanedione moiety expected to appear"® in the same region. A multiplet at the 3.15 
and 3.30 ppm may be assigned"^''" to the methylene protons of the formaldehyde 
(-CH2. 2H) and ethylenediamine (-CH2. 4H) moiety, respectively. 
The 'HNMR spectra of the Zn(II) complexes recorded in DMSO-de exhibit 
resonance peaks comparable to that of ligand with a slight downfield shift suggesting 
the coordination of the macrocyclic ligand with the metal centre (Table 3). 
The "ONMR spectrum of ligand (L) recorded in DMSO-de at room 
^ rJ 
temperature is consistent with the proposed macrocyclic framework. The CNMR 
spectrum gives a strong resonance signal at 152.98 and 154.10 ppm assigned^^ to the 
carbon atoms (C2 and C5) (Scheme 1) of the imine moiety indicating that the 
condensation between the primary amino groups of hydrazine and ethylenediamine 
with the carbonyl groups of 2,4-pentanedione has taken place. Another strong 
resonance peak appears^"' at 46.1 ppm, which may be due to the methylene carbon 
(C|) adjacent to the secondary amine moiety. The appearance^^"^"* of resonance 
signals at 20.5, 20.8 and 56.2 ppm correspond to the two methyl carbons of 2.4-
pentanedione (Ce ,€3) and methylene carbons (C7) adjacent to the imine groups 
respectively. However, a resonance peak appeared at 36.7 ppm corresponding to 
central methylene carbons (C4) of 2.4- pentanedione moiety. 
The'^CNMR Spectra of Zn(II) complexes recorded in DMSO-de exhibit 
resonance peaks with their chemical shift values slightly shifted downfield (Table 4). 
The electronic spectra of the Mn(II) complexes show two absorption maxima 
in the 19,642-19,684 and 26,312-26,348 cm"' regions which may reasonably, be 
assigned to ^Aig->'^Tig and ^Aig->'^ T2g vibrations, respectively consistent (Table 5) 
with an octahedral geometry""^ around the Mn(II) ion. 
The electronic spectra of Fe(II) complexes gave a weak intensity band in the 
11.385-11.428 cm"' region which may. reasonably be. assigned to the ""'T2g->'""'Eg 
transition consistent^""' with an octahedral geometry around the Fe(II) ion. 
The electronic spectra of the Co(II) complexes show three absorption maxima 
in the regions 10,970-10,999. 16,750-16.761 and 23.376-23.392 cm"', which may be 
assigned to ^Tig(F)-^''T2g(F), ^Tig(F)^^A2g(F) and •'T|g(F)->^T,g(P) transitions, 
respectively, ascertaining an octahedral geometry^^ around the Co(II) ion. 
The proposed octahedral geometry around the Ni(II) ion has been confirmed"'^ 
by positions of absorption bands obtained in the regions 11.620-11.634. 16.400-
16.434 and 27,701-27,708 cm"' attributable to ^A2g(F)->^T2,. ^A2g(F)-^'T,g(F) and 
transitions, respectively. The electronic spectra of the Cu(II) 
complexes show a broad band maximum (Table 5) in the 19.511-19.523 cm"' region 
with a shoulder in the region 16,370-16.381 cm"' which may unambiguously be 
assigned to ^Big -> ^Eg and ^Big ^B2g transitions, respectively, corresponding''" to a 
distorted octahedral geometry around the Cu(II) ion. 
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The magnetic moments (Table 5) of the Mn(II). Fe(II). Co(II). Ni(II) and 
o 
Cu(II) complexes further corroborate"' the high spin octahedral geometry supporting 
the electronic spectral results. 
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CHAPTER-5 
Synthesis of Metal Complexes of 
Polyaza Paracyclophane and their 
Physico-Chemical Properties. 
93 
5.1 METAL ION PROMOTED 
SYNTHESIS OF HEXAAZA [17]-
PARACYCLOPHANE DERIVED FROM 
TEREPHTHALALDEHYDE INVOLVING 
Co(II), Ni(II), Cu(II) AND Zn(II) AND 
THEIR PHYSICO-CHEMICAL 
PROPERTIES. 
5.1.1 INTRODUCTION 
Macrocyclic polyethers incorporating the aryl group of the [2.2] 
paracyclophane nucleus and /7-phenylene sub-units in the macro-ring have been 
synthesized by the appropriate use of phenols, tetraethylene or pentaethylene glycol 
dichlorides or tosylates. The complexing behaviour of these macrocyclic polyethers 
provide a new dimension to host guest complexation'. Various cyclophanes having 
several p-phenylene subunits as an integral part of the macrocycles have been 
investigated^'^. However, simple macrocycles containing one 1.4-benzo subunit have 
been scarcely studied. A variety of cage-type cyclophanes^ hosts provide three-
dimensional hydrophobic cavities for molecular recognition incorporating substrates 
of various shapes, size and hydrophobicity in aqueous media. In view of molecular 
recognition much effort has been devoted to design of receptors having specific 
structural features for selective binding of target molecules and specific catalytic 
effects. Polyaza [n] paracyclophanes are interesting, as these receptors possess a 
polarizable aromatic surface besides the nitrogen donor atoms, which could converge 
from the opposite direction to the guest. The development of artificial hosts exhibiting 
potent recognition capabilities towards guest molecules is of great importance. A 
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series of new macrocyclic ligands characterized by the presence of a single aromatic 
spacer, interrupting the polyamine chain and restricting the involvement of all 
nitrogens in coordination to a metal centre, produce a drop in the stability of these 
complexes. Polyaza [n] paracyclophanes have been used'®" as receptors for cations 
and anions and represent a very active field of research in supramolecular chemistry. 
Polyaza [n] paracyclophane ligands have been synthesized'" and characterized but 
their complexes with metal ions have been scarcely studied"' 
Here in ^ description has been made on the template synthesis and physico-
chemical properties of mononuclear macrocyclic complexes involving metals of first 
row transition series derived from terephthalaldehyde, diethylenetriamine and 
formaldehyde in 1:1:2:1 molar ratio. It is of interest to note that a jya/'^z-substituted 
single bepzene spacer disrupts the simultaneous involvement of all imine nitrogens 
and secondary amine nitrogens and several structural conformations may be predicted 
exhibiting similar physico-chemical properties (Scheme 1). 
5.1.2 Materials and Methods 
The chemicals terephthalaldehyde (E.Merck).diethylenetriamine (Sigma) and 
/ 
formaldehyde, 37% aqueous solution. (E. Merck) were used as received. The metal 
salts MX2-6H20 [M = Co(II), Ni(II) and Zn(II)] CuXz nHsO (n = 2 and 3; X = CI and 
NO3) and ZnCb (E.Merck) were used without further purification. Methanol used as 
solvent was distilled and dried before use. 
Synthesis of dicholoro/nitrato (2,5,8,10,13,16-hexaaza[17]-l,16-diene-
paracyclophane)metal(II) [MLX2] [M = Co(II), Ni(II), Cu(II) and Zn(II): X ^ CI or 
NO3J. 
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To a stirred methanolic solution (-15 mL) of terephthalaldehyde (2.68 g. 20 
mmol) was added a methanolic solution (-15 mL) of diethylenetriamine (4.36 mL, 40 
mmol). The reaction mixture was stirred for 2h. no change has been noticed during 
stirring. This was followed by the simultaneous addition of a methanolic solution of 
formaldehyde (1.44 mL, 20 mmol) and the appropriate metal salts. (20 mmol) with 
further stirring for 6h. This resulted in the formation of a microcrystalline solid 
product which was washed several times with methanol and vacuum dried. 
The NMR spectra were obtained in DMSO-de using Jeol. Eclipse-400 
spectrometer. The IR spectra (4000-200 cm"') were recorded as KBr discs on a 
Perkin Elmer-2400 s ^ ^ o m e t e r . Magnetic susceptibility measurements were carried 
out using a Faraday balance at 25°C. Metals and chloride were determined 
volumetrically'" or gravimetrically'^ respectively. The diffuse reflectance spectra 
were taken on a Carl-Zeiss VSU-2P spectrophotometer using MgO as the reflectance 
standard. Electronic spectra in DMSO were recorded on a Pye-unicam 8800 
spectrometer at room temperature. The electrical conductivities of 10'" M solutions in 
DMSO were obtained on a Control Dynamics conductivity bridge equilibrated at 25 ± 
0.01 °C. 
5.1.2 RESULTS AND DISCUSSION 
Schiff base mononuclear complexes of hexaaza [17] paracyclophane. [MLX:] 
[M = Co(II), Ni(II), Cu(II) and Zn(II); X = CI or NO3] have been synthesized by the 
template condensation of terephthalaldehyde. diethylenetriamine and formaldehyde in 
1:1:2:1 molar ratio in methanol (Scheme 1). All complexes stay stable in air and are 
soluble in polar solvents like CH3CN, THF. DMSO, DMF and H2O. Low molar 
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conductivity values ind ica te the i r non-electrolytic nature. (Table 1). Attempts to 
grow single crystal suitable for X-ray crystallographic studies did not succeed. 
The absence of bands characteristic of primary amino groups or aldehydic 
moieties and the appearance of a new strong intensiy bands characteristics of the 
imine (C=N) stretching mode (Table 2) in the region 1634-1650 cm"' indicate the 
condensation between primary amino group and aldehydic moiety, supporting the 
proposed macrocyclic ligand framework. Further evidence regarding the formation of 
macrocyclic complexes has been obtained from a strong bands observed in the regions 
3206-3279 and 3260-3324 cm"' assigned'^ " to coordinated and uncoordinated 
secondary NH stretching vibrations of the diethylenetriamine moiety indicating that 
not all the secondary amino groups are involved in coordination to the metal centre. 
However, the appearance of the strong intensity band in the region 1607-1628 cm"' 
corresponding to coordinated imine group (Table 2) further support that both benzylic 
nitrgens are not coordinated simultaneously to the same metal centre. All the 
complexes show sharp bands corresponding to v(C-H) and 5(C-H) in the region at ca. 
2900 and 1465 cm"', respectively. However, the bands for the phenyl group appeared 
at their expected positions. A medium-intensity band in the spectra of all the 
complexes in the 404-420 cm"' range may be ascribed^® to the M-N stretching 
vibration. The chloro and nitrato complexes display bands in the regions 319-326 and 
246-269 cm"' which, may be assigned^' " to v(M-Cl) and v(M-O) of the O-NO: 
group, respectively. 
The 'HNMR spectra of the Zn(II) complexes recorded in DMSO-de exhibit a 
broad singlet in the region 8.58-8.64 ppm which may be ascribed"" to the coordinated 
imine protons (-CH=N, H) , however an additional singlet in 8.21-8.29 ppm region 
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may reasonably be ascribed to the uncoordinated imine protons (-CH=N. H) ruling 
out the possibility of the simultaneous coordination of both the imine nitrogens to the 
metal centre. A multiplet in the region 7.20-7.24 ppm corresponds to the phenyl ring 
protons, while another multiplet in the region 6.71-6.81 ppm corresponds'"' to the 
secondary amine moiety. However, an additional multiplet observed in the region 
6.41-6.52 ppm may, arguably, be assigned to the uncoordinated secondary amine 
moiety, further confirming the non-involvement of remaining secondary amino group 
of diethylenetriamine to the metal centre. 
A slightly broad multiplet observed in the region 3.56-3.89 ppm may be 
ascribed"^ to the methylene protons adjacent to the imine group (-C=N-CH2. 4H). 
The broadness of the peak may be due to the overlapping of methylene protons of the 
formaldehyde moiety which are expected'"" to appear in the same region. However, a 
niuhiplet in the 3.01-3.10 ppm region corresponds^^ to the methylene protons adjacent 
to the secondary amine group (-CH2-NH. 12H). 
The ' " ( ^ M R spectra of the Zn(II) complexes recorded in DMSO-de exhibit a 
resonance peak in the region 172 .^17:^4^ppm ascribed'^ to the coordinated carbon 
atom of the imine functional group. Two more resonance^ ^gaks observed in the 
137.4-138.7 ppm and 128.7-129.4 ppm regions correspond to the carbon atoms of the 
phenyl ring. However, resonanceSpe^s observed in 64^-65J2 .^ 58.74-^59.21_and 
46.49-47.26 ppm regions are indicative of the presence of three types of methylene 
carbon in the macrocyclic framework. 
The reflectance spectra of the Co(II) complexes show bands at 12.515-12,540. 
16.546-16,500 and 19,340-19,375 cm"' region ascertaining a penta-coordinated 
system^^ around the Co(II) ions. The magnetic moment values 4.08 and 4.12 B.M 
indicate that the Co(II) complexes are high-spin. 
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The reflectance spectra of the Ni(II) complexes show one band at 16.710-
16.742 cm"', another band at 11,105-11.225 cm"' and a shoulder at ca 6520 cm"' 
characteristic of penta-coordinated Ni(II) ion similar to that reported earlier'^. The 
magnetic moment values 3.14 and 3.17 B.M for the two complexes confirm the 
paramagnetic nature of the Ni(II) ions. 
The reflectance spectra of the Cu(II) complexes show a broad unresolved band 
with a maximum around 11,075-11.112 cm"' and a shoulder at ca. 15.310-15.345 cm"' 
• s o 
which may, reasonably, be assigned to a penta-coordinated system around the Cu(II) 
ion. The observed magnetic moment values of 1.71 and 1.74 B.M signify the presence 
of one unpaired electron around in the Cu(II) ions. 
Hoy^ever^^the electronic spectra of the Co(II) complexes show two bands in 
the regions 14,100-14,124 and 20.950-20.992 cm"' which correspond to 
"'T|g(F)-^'^A2g(F) and •^Tig(F)—>''Tig(P) transitions, respectively, suggesting an 
octahedral environment^Vound Co(II) ions. While the electronic spectra of the Ni(II) 
complexes show two main bands centered in the 11.250-11.310 and 17.100-17,135 
cm"' regions, (Table 3) which may be assigned to ^A2g—>'^ Tig(F) and ^A2g->^Tig(P) 
transitions, respectively, similar to an octahedraP^ geometry of Ni(II) ion. 
The Cu(II) complexes exhibit bands in the 15.679-15.687 and 18.310-18.335 
cm"' regions in the electronic spectra which may. reasonably, be assigned to 
"Big—^'322 and 'Big—>^Eg transitions, respectively, corresponding to a distorted 
octahedral geometry^^ for Cu(II) ion. Moreover, the complexes of all the metal ions 
show strong bands around 33,000 cm"' which may be due to charge transfer 
transitions. 
Thus, the band positions observed in the reflectance spectra of solid samples 
of Co(II), Ni(II) and Cu(II) complexes strongly suggest a penta coordinated system 
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around the metal ions. However, the six coordination sites of the metal, ioijs^in 
solution have been occupied by strongly coordinating solvent. DMSO' giving an 
octahedral geometry around the metal ions evidenced by the electronic spectral data. 
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CHAPTER- 6 
Synthesis and Structural Studies on 
Octaazamacrocyclic Complexes 
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6.1 TEMPLATE SYNTHESIS OF 
HYDRAZINE BASED 18 AND 20-
MEMBERED OCTAAZAMACROCYCLIC 
COMPLEXES OF Co(II), Ni(II), Cu(II) AND 
Zn(II) 
6.1.1 INTRODUCTION 
Polyazamacrocycles, a diverse class of molecules, which contain three or more 
nitrogen atoms with in a cyclic carbon backbone, are highly preorganized ligand 
systems for metal coordination'. The literature survey revealed that a number of 
polyaza macrocyclic complexes have been reported""*. Lindoy and co-workers'^"^ have 
made elegant studies on ligand design and metal ion recognition of polyaza and mixed 
polyazamacrocyclic complexes. In past few years considerable efforts have been 
directed towards the synthesis of new macrocycles and their metal complexes because 
of their potential significance as models of metalloenzymes'"'® and as effective redox-
reactant or catalyst" ' l The very high thermodynamic stability and extreme kinetic 
inertness of transition metal complexes of azamacrocycles are significant since they 
enhance a number of important industrial a p p l i c a t i o n s I t has been established that 
the synthesis of macrocyclic polydentate ligands are greatly facilitated by the template 
effect of the metal ion. Several hydrazine based macrocyclic complexes have been 
reported 
This chapter presents the metal directed template synthesis of mononuclear 
octaaza macrocyclic complexes derived from hydrazine hydrate. 1.2-dibromoethane 
or 1,3- dibromopropane and 2,4- pentanedione in 1:4:2:2 molar ratio in methanolic 
medium and their physico-chemical studies. 
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6.1.2 Materials and Methods 
The chemicals hydrazine hydrate 85% (Sigma). 2.4-pentanedione 1.2-
dibromoethane and 1,3-dibromopropane (E'. Merck) were used as received. The metal 
salts MX2-6H20 [M=Co(II), Ni(II) and Zn(II)]. CuXj.nHiO (n = 2 and 3: X = CI and 
NO3) and ZnCl2 (All from E. Merck) were commercially available pure samples. 
The methanol used as solvent was dried before use. 
Synthesis of dicholoro/nitrato (1,2.6.7.10.11.15.16-octaaza-3.5.12.14-tetramethyI 
2.5.11.14-tetraene-cyclooctadecam metal(11) [MLX2] [M=Co(II) and Zn(II). X^Cl or 
NOsJ. 
A methanolic solution of 1.3-dibromoethane (2'0 m m o l ^ l . 7 4 ml/) was added 
J ' to the hydrazine hydrate (40 mmolsj 2.42 mL) taken in 20 mL of methanol, reaction 
V / ' • 
mixture was stirred for about 4h and no change in its physical appearance has been 
noticed. Than the methanolic solution of (20 mL) of 2.4-pentanedione (20 mmol^' 
- 1 -
2.07 mL) and the appropriate metal salts were added simultaneously in small portion 
resulting a colour change of the resultant reaction mixture. This was followed by 
refluxing for about 15h leading to the formation of microcrystalline solid product. The 
solid product thus formed was filtered washed several times with methanol and 
vacuum dried. 
Synthesis of 1,2,6,7,10,11,15,16-octaaza-S, 5,12.14-tetramethyl-2.5.11.14-tetraene-
cyclooctadecane metal(II) chloride or nitrate [ MLJX? (M = Ni (II) and Cu (II)., X = 
ClorNOi). 
These complexes were prepared by the method described above, except that 
the metal salt used was either CuX2.nH20 (n = 2 or 3) or NiX2.6H20 (X = CI or NO3). 
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Synthesis of dichloro/nitrato (1,2.6,7.11.12.16.17-octaaza-3.5.13.15-tetramethyl-
2.5.12,15-tetraene-cycloeicosam) metal(II). [ML %J (M = Co(II) and Zn(II): X = CI 
or NOi). 
A mixture of hydrazine hydrate (f^ O mmols. 2.42 mL) and L3-dibromopropane 
(2y mniojs, 2.07 m O in methanol (-20 mL) was stirred for 3h. no change has been 
" . ^ . / / noticed. Later on methanolic solutions (-20 mL) of 2,4 pentanedione (^^O^mol^ 
2.07 mL) and the corresponding metal salts were simultaneously added. The change 
in colour of the resultant reaction mixture was noticed, this was refluxed with stirring 
for about 17h leading to the formation of microcrystalline solid product which was 
washed several times with methanol and vacuum dried. 
Synthesis of 1,2,6,7,11,12,16,17-octaaza-3.5.13.15-letramethyl-2.5.12,15-tetraene-
cycloeicosane metal(II) chloride or nitrate [ML 'JXj (M = Ni(n) and Cu(II): X = CI or 
NOs). 
This preparation was exactly analogous to the previous one but the metal salts 
used were CuX2.nH20 (n - 2 or 3) and NiXj.eHzO (X = CI or NO3). 
The 'HNMR spectra were obtained in DMS0-d6 using JeoL. Eclipse-400 
spectrophotometer using TMS as an internal standard. The IR spectr^ ( 4 ( ^ - 2 0 0 
cm ') were recorded as CsCl discs on a Perkin Elmer-2400 spectrometer./ Magnetic 
susceptibility measurements were carried out using a Faraday balance at 25°C. 
Metals and chloride were determined volumetrically'^ and gravimetrically'^ | l i e 
electronic spectra in DMSO were recorded on a Pye-unicam 800 spectro|heter at room 
temperature. The electrical conductivities of 10"^M solution in DMSC) were obtained 
on a Control Dynamics Conductivity bridge equilibrated at 
the EPR spectra were recorded on JEOL JES RX2X EPR spectrophotometer. 
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6.1.2 RESULTS AND DISCUSSION 
The template reaction of hydrazine hydrate, 1,3-dibromoalicane, Br-(CH2)n-Br 
(n = 2 and 3) and 2,4-pentanedione using salts of Co(II), Ni(II), Cu(II) and Zn(II) 
leads to the successful synthesis of mononuclear octaaza macrocyclic complexes 
(Scheme I). All complexes stay stable in air and are soluble in polar solvents like 
CH3CN, THF, DMSO and DMF. Low molar conductivity values of Co(II) and Zn(ll) 
signifies their covalent character, while Ni(n) and Cu(II) show the V.2 electrolytic 
nature'^, respectively. 
The absence of primary amine and carbonyl group vibrations and the presence 
of the imine stretch mode v(C=N) in the region 1612-1659 cm"' confirm'' the 
formation of the proposed macrocyclic complexes. A strong band in 3237-3285 cm"' 
region may be attributed'^ to the stretching mode of coordinated secondary amine 
moiety. Further evidence regarding the formation of macrocyclic structure was 
obtained from the appearance of a strong band in the region 984-1005 cm"' 
assignable^^ to v ( N - N ) vibrations. The appearance of band at ca. 1125 cm"' for all 
the complexes may be attributed to v ( C - N ) vibrations. 
Bands at ca. 2900 and 1450 cm"' for all the complexes correspond to CH 
stretching and CH bending vibrations, respectively. All complexes show^edium 
intensity band in the 410-448 cm"' region, which may be ascribed'' to M-N stretching 
vibrations. The chloro and nitrato complexes display bands in the region 324-335 and 
234-273 cm"' which may be assigned^^ to v(M-CI) and v(M-O) of the chloro and 
nitrato groups, respectively. The IR spectra of all the complexes gave additional 
bands in the regions 1369-1389, 1032-1056, 812-824 and 712-736 cm"' consistent^^ 
with the monodentate nature of the nitrate group. 
1 1 
4NH2NH2 H2O + 2 Br Br 
MX, 
H,C 
(CH2ln 
H ( V .CH, 
X—M—X 
/ \ 
=N—N N — N ^ ^ 
[MLX2];n = 2 
[ML-Xj]; n = 3 
M = Co(II)andZn(II) 
X = C1 orN03 
H3C 
0 0 
(CH2L 
H3C H( )H .CH3 
=N—N. .N—N= 
H,C 
\ / 
M 
/ \ 
=N—N N—N= 
H( H 
\cn2l 
[ML]X2;n = 2 
[ML']X2;n = 3 
M = Ni(II)and Cu(II) 
X = ClorN03 
2+ 
2X" 
\ 
CH, 
Scheme 1 
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The 'HNMR spectra of Zn(II) complexes (Table 3) show the multiplet in the 
region 6.22-6.29 ppm which may be ascribed""^ to the secondar\' amino protons 
(—NH, 4H) of hydrazine moiety. A singlet appearing in the 1.31-1.37 ppm region in 
all the complexes may arguably be assigned to middle methylene protons 
({=C(CH3)}2CH2}, 4H) of the 2,4-pentanedione moiety. Furthermore a multiplet 
appearing for the complexes [ZnL'X2] (X = CI or NO3) in the 1.76-1.82 ppm region 
ascertains""" the middle methylene protons (CH2-C-CH2. 4H) of the propane chain 
moiety. A sharp singlet observed for all the complexes in the 2.35-2.43 ppm region 
may correspond ^^  to the imine methyl protons (CH3-C=N. 12H). The spectra of ail 
the complexes showed a multiplet in the 3.14-3.21 ppm region corresponds""^ to the 
methylene protons (N-CH2-C, 8H) adjacent to secondary amino group. 
The electronic spectra of Co(II) complexes exhibit two ligand field bands in 
the 14.175-14,245 and 21,342-21,385 cm"' regions assignable^^ to ^T,g(F)^"'A2g(F) 
and ^T2a(P) transitions, corresponding to an octahedral geometry around the 
Co(II) ion. 
The electronic spectra of Ni(II) complexes show two bands in 15.195-15.230 
and 19.400-19,450 cm"' region which may, reasonably, be assigned to 'A|g->'Big and 
'Aig->'A2g transition, respectively suggesting"^ a square-planar geometry around the 
Ni(II) ion. 
However, the Cu(II)complexes gave three bands in their electronic spectra in 
12.385-12,470, 16,310-16,355 and 21,765-21,815 cm"' regions attributable to the 
"Big^"B2g, and ^Big->^Eg transitions, respectively consistent with the 
square-planer geometry of the Cu(II) ion. 
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The observed magnetic moment values of all the above complexes conform to 
the resuhs of electronic spectral studies (Table 4). 
The X-band EPR spectra of microcrystalline samples of [CuLJXi and 
[CuL ' ]X2 (X = CI or NO3) at room temperature were recorded and their g and g_L 
values were calculated. It has been noticed that none of the complexes gave hyperfme 
splitting, which may be due to the strong dipolar and exchange interactions between 
Cu(II) ions is the unit cell and a single broad signal was observed. The present 
complexes gave gj, and gi values in the region 2-17-2-25 and 2-06-2-12. respectively, 
which indicate^^ that orbital is essentially a ground state for the Cu(II) ion. 
Proctor et al. have postulated^^ that the magnitude of the ratio G = (gji—2)/(gi—2) 
indicates the possibility of exchange interaction in the Cu(II) complexes. The G 
values for the present complexes fall in the range 2.08-2.83. which indicates (G<4) 
considerable exchange interaction in the solid complexes. All the copper complexes 
show considerable covalent character"^ as the gu values are less than 2-3. 
1 2 1 
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